
UCRL-PROC-215970

Spin distribution in neutron
induced preequilibrium reactions

D. Dashdorj, T. Kawano, M. Chadwick, M. Devlin, N.
Fotiades, R. O. Nelson, G. E. Mitchell, P. E. Garrett, U.
Agvaanluvsan, J. A. Becker, L. A. Bernstein, R. Macri,
W. Younes

October 6, 2005

International School of Contemporary Physics
Ulaanbaatar, Mongolia
August 3, 2005 through August 15, 2005



Disclaimer 
 

 This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or the University of California, 
and shall not be used for advertising or product endorsement purposes. 
 



���������	��

�����������������������������������������	������� �	���!�#"�����$����	�����	% ����&'�(�������	


)+*+)�,.-�/10�2
35476
8:9<;�=?>A@�B<;C9<D EGF�BIHJ=5B<=LKNM1FJE?O<K�;�P�EG=RQTS�UVB<DWK�EWXY>ZS�8�@\[
]<^`_bacBTF�d

e(B<f!;�K�F�g�K+e!EGO<K�;�hi9T;�Kj8:B<=REk9TF�B`Dle(Bbm�9<;nB<=59<;�Q<S�e!E?O<K�;�ho9<;�K�Sj@(pq_sr�abaut

vo*Vwi,bxy,Zz�2�{}|~*���/1,.0�x:�?�s��{�|~*V)��T���?��z�{���*V�12Z�7�?,
0��<-<{�,Zz�0��i*��+*}���<�?-�2.z
e(9<P�p�D�B<hi9<P�8�B<=RER9<F�B`D'e(Bbm�9<;nB<=59<;�Q<Soe(9<P�p�D�B<ho9<P�S�8����Z]<asr�a

� *���*�|I���7�s/1�T�?�
8:9<;�=?>A@�B<;C9<D EGF�BIHJ=5B<=LKNM1FJE?O<K�;�P�EG=RQTS�UVB<DWK�EWXY>ZS�8�@\[
]<^`_bacBTF�d
�J;�EkB<FZX`DWK~M�F
EGO<K�;�P�E?=RE5K�P+8��JgsDWKCB<;+e�Bbm�9<;CB<=59T;�QTSo�:�Z;�>.B<h�S�8�@�[
]b]`�<�

�'*!�	* � ,Z373��T���<{�����*� �¡
�u,.,Zz1��¢���-7,Zz!{#£1*! �*�¤��<�s�.�<3<{!¥�*! �*�¤��<3�z1-����<��z�{��i*�|¦,
�Y37�L{!,.z10c§¨*ª©V2.¢1z��<-
e(B<f!;�K�F�g�K+e!EGO<K�;�hi9T;�Kj8:B<=REk9TF�B`Dle(Bbm�9<;nB<=59<;�Q<S�e!E?O<K�;�ho9<;�K�Sj@(pq_sr�abaut

«'¬
­¯®.°�­s­²±u³J´�µ�´�¶
°�´�³J·�°�­²¸T¹7º�´�»`¼½·i­s¹�¬�¸T¼J´�¾C·¿·�¸<Àb­s¾�¸T¼~´W·i®�»T°Cº�¸<¼uº+¹s»`¼uºC°�´�¶J³.º�´W»<¼Áº�»I¼J­s³.ºC°�»`¼.ÂL´�¼JÃ
³J¹7­²Ã
°�­²¸<¹7º�´�»<¼J¾�¸<¶�»YÄb­�Å#ÆÈÇqÉsÊÌË�­sÍ	Î�«'¬J­�®.°�­s­²±u³J´�µ�´�¶
°�´�³J·�®
°�»u¹s­7¾C¾i¬�¸<¾�¶�­s­s¼Ï¾nº�³�Ã
´�­²ÃI­7Ð.¹sµ�³
¾C´WÄ`­sµ�Ñ¦Ä.´W¸Òº�¬J­
¹�¬J¸T°�¸<¹�º�­7°�´�¾nº�´W¹:¬
´�Ó`¬�­s¼J­7°�ÓTÑ�¼J­s³.ºC°�»`¼
¾'®
°�»ZÃ.³J¹s­²Ã�¸TºV¶�»<·�¶J¸T°�Ã
´�¼
Ó	­7¼J­7°�Ó<´W­7¾�ÓT°�­²¸Tº�­�°}º�¬�¸<¼ÔÉ²Ê�Ë�­sÍ�ÎZÕÖ­y¸T°�­
­7Ð.®�¸<¼JÃ
´�¼JÓ	º�¬J­:¾nº�³JÃ.Ñ�»<×ªº�¬
­:®
°�­s­²±u³
´Wµ�´�¶
°�´�³
·Ø°�­²¸<¹7º�´�»<¼Ò·i­s¹�¬J¸<¼
´W¾C·Øº�¬.°�»`³
Ó`¬�Ù�Âk°�¸sÑ�¾C®�­s¹7ºC°�»<¾C¹s»`®uÑuÎ'Ú#°�»`¾C¾nÂ
¾C­s¹7º�´�»`¼Á·i­s¸<¾C³
°�­7·i­s¼uº�¾�Û'­7°�­Ô·�¸<Ã
­j»T×:®
°�»<·i®
ºiÙ�Âk°�¸sÑÏ®
°�»ZÃ
³
¹7º�´�»`¼~¸T¾�¸¯×G³
¼J¹7º�´�»`¼c»<×�´�¼J¹s´WÃ.­s¼uº�¼J­s³.ºC°�»`¼
­s¼J­7°�ÓTÑ�ÜkÅ#ÆcÝ�É�º�»¦Þ<ß<ÊIË�­sÍyà�»`¼~¸¯áCâ²«'´�¾�¸T·i®Jµ�­`Î½Å!¼J­�°�Ó`­7º�´�¹Ô¼J­s³.ºC°�»`¼
¾oÛ'­7°�­ÔÃ.­sµ�´WÄ`­7°�­²ÃÈ¶uÑIº�¬
­Òã�»<¾
ä µW¸<·i»<¾}åy¸Tº�´�»<¼�¸<µ(ã(¸T¶�»<°�¸Tº�»T°CÑj¾C®J¸<µ�µW¸Tº�´�»`¼Ò¼
­s³
ºC°�»<¼j¾C»`³.°�¹s­:µ�»u¹²¸Tº�­²ÃÒ¸YºVº�¬J­�ã�»<¾ ä µW¸<·i»<¾�å�­s³
ºC°�»<¼ÒæZ¹s´�­s¼J¹s­
Úl­s¼uº�­7°l×G¸<¹s´�µ�´�ºçÑuÎ#«'¬J­�®
°�»<·i®
ºCÂk°�­²¸<¹�º�´W»<¼oÙ�°�¸sÑ.¾#Ûl­7°�­yÃ.­7º�­s¹7º�­²ÃoÛV´�º�¬iº�¬J­�µW¸T°�Ó`­�ÂL¾C¹s¸<µ�­	Úl»`·i®.º�»`¼
Â5¾C³
®J®
°�­7¾C¾C­²Ã
è ­7°�·�¸<¼
´W³
· ä °C°�¸sÑ�×G»T°�å�­s³
ºC°�»<¼jéç¼JÃ
³
¹s­²Ã�Å!Ð.¹s´�º�¸Tº�´�»<¼J¾	Ü è Å ä å�énÅ#à�Î
å�­s³.ºC°�»`¼�­7¼J­7°�Ó<´W­7¾�Ûl­7°�­	Ã
­7º�­7°�·i´�¼
­²Ã
¶ZÑ¦º�¬
­Ôº�´�·i­7Â5»T×?Âkê�´�Ó`¬uº�º�­s¹�¬J¼
´�±u³
­`ÎA«'¬
­ÒÙ�Âk°�¸²ÑÈ­7Ð.¹s´�º�¸Tº�´�»<¼½×?³J¼
¹7º�´�»`¼J¾�Û'­�°�­ë¹7»`¼ZÄb­7°Cº�­²ÃÏº�»I®�¸T°Cº�´W¸Tµ�Ù�Âk°�¸sÑ
¹7°�»`¾C¾'¾C­7¹7º�´�»`¼J¾#º�¸<ÀZ´�¼JÓ�´�¼Zº�»	¸T¹s¹s»`³
¼uºlº�¬J­�Ã.­²¸`ÃZÂ5º�´�·i­V¹s»T°C°�­s¹7º�´�»`¼1ì.º�¸Y°�Ó`­7º#º�¬J´�¹�À.¼
­s¾C¾sì.Ã
­�º�­s¹7º�»<°l­7íi¹s´�­s¼
¹7Ñ�¸T¼�Ã
¼J­s³.ºC°�»`¼�êJ³
Ð¯ÜR·i»`¼J´�º�»T°�­²Ã�ÛV´�º�¬¯¸T¼Ò´�¼
Â5µ�´W¼
­:î�¾C¾C´�»`¼Ô¹�¬�¸<·�¶�­7°�à�Î}ï�­s¾C´WÃ
³J¸<µ�¾nº�¸Yº�­�®�»<®J³JµW¸Yº�´W»<¼ÒÛ}¸<¾�®
°�­²Ã.´�¹7º�­²Ã
³J¾C´�¼JÓjº�¬
­ è å ä æ.ðñ°�­²¸<¹7º�´�»<¼Ï¹7»ZÃ
­`ì�­s¼
¬�¸<¼
¹s­²ÃÖ×?»<°o®.°�­s­²±u³J´�µ�´�¶
°�´�³J·jÎë«'¬
­+®.°�­s­²±u³J´�µ�´�¶
°�´�³J·ò°�­²¸T¹7º�´�»`¼Ï¾C®J´�¼
Ã
´�¾nºC°�´�¶J³
º�´�»<¼�Û}¸T¾#¹²¸Tµ�¹s³JµW¸Tº�­sÃo³J¾C´�¼JÓyº�¬
­V±Z³J¸<¼uº�³J·ó·i­s¹�¬J¸<¼
´W¹s¸<µZº�¬J­s»T°CÑ�»T×1ôJ­s¾C¬Z¶�¸T¹�¬1ìbõ:­7°�·�¸T¼�ì`¸<¼�Ã�õ:»u»`¼J´�¼
Ükô�õ:õ	à�Î(«'¬
­o·�³
µ�º�´W¾nº�­7®ÌÃ
´�°�­s¹�º�®�¸T°Cº	»T×'º�¬J­iô�õ:õØº�¬
­s»<°CÑÔÛ'¸<¾�¹²¸<µ�¹s³
µW¸Tº�­²ÃÖ×?»<°�¸�»`¼
­7Â5¾nº�­s®Ö®.°�»u¹s­s¾C¾sÎ+«'¬J­
ô�õ:õN®.°�­s­²±u³J´�µ�´�¶
°�´�³J·�¾C®J´�¼�Ã
´�¾nºC°�´�¶J³.º�´�»`¼iÛ}¸T¾'´�¼J¹s»T°�®�»<°�¸Tº�­sÃ�´�¼uº�»:º�¬J­ è å ä æ.ðÁ¹²¸Tµ�¹s³JµW¸Tº�´�»<¼J¾V¸<¼JÃoº�¬J­}Ù�Âk°�¸sÑ
®
°�»ZÃ
³
¹7º�´�»`¼j¹�°�»`¾C¾�¾C­7¹7º�´�»`¼J¾VÛ'­�°�­	¹s¸<µ�¹s³JµW¸Yº�­²ÃÔ¸<¼�Ã+¹s»`·i®J¸T°�­²Ã+ÛV´�º�¬j­�Ð
®�­�°�´W·i­7¼Zº�¸Tµ(Ã
¸Tº�¸ZÎ}«'¬J­	Ã.´�ö�­�°�­s¼J¹s­�´�¼
º�¬J­	®�¸T°Cº�´W¸Tµ!ÙJÂ5°�¸sÑÒ¹�°�»`¾C¾:¾C­s¹7º�´�»<¼J¾:³J¾C´�¼
Ó+¾C®
´W¼¯Ã
´�¾nºC°�´�¶J³.º�´�»`¼J¾�ÛV´�º�¬¯¸<¼JÃÔÛV´�º�¬
»`³
ºy®
°�­s­²±u³
´Wµ�´�¶
°�´�³
·÷­7ö�­s¹�º�¾y´�¾
¾C´WÓ<¼J´�î�¹s¸<¼uº²Î

ø
ù#ú!û�üTýbþ�ÿ��������	��

��
���� ����������� �
��� �������
��� ����� ����� �
��� ����� !#"$�$��%&� ����� '�(

)+*,).-0/2143658709:/:)�36-

��3�2J-�-Ô-��<�Y���?2.z1-ë2$;=<Ò,Zz?>ó3��`,.�²�7��2
z1-<{:��z1�T��¢�0���z1¡A@�37�T�&BJ¢��DC
�?�DE�37�?¢#< 37�<,.�Y���?2.z1-<{J/1,b�.���D<0@(2.3��7,.z
�F@�3s,.�Y���G�T,Z��,$@	@����G�T,Z���?2.z1-<{
;k372�< �7/��¦0��<-��?¡.zó2$;HG�-�-��?2.zA,Zz10I;k¢1-���2
zó37�<,
�²�72.3s-��72~-�@1,
�Y�
,Zz�0¯,
-��73�2J@�/?>�-��G�T,Z��37�<-��<,.37�s/!*LKn���?-�2$;R���<zÌz��<�T�<-7-�,.3�>j�728<j�`, C
-�¢�3��
{!2.3o�D;M<j�<,
-�¢13��&<��<zJ���G-oz�2Z�=@(2
-7-��NE��?�.{ª�72Ì�<-����N<j,Z���jz�¢OC
�Y�?�<,.3Ï�Y372
-7-¦-��<�Y���?2.z1-PE(2Z�7/ ,u�¦�?2ux ,Zz10Ø/1��¡
/¨�Tz��<3�¡
���`-Ì��2
<j2�0��T3s,u�7�+,.�<�Y¢�3s,.�+>.*ivy/��j-�@1��zÏ��3s,Zz1-�;k�T3���zQ@�37�T�&BJ¢��?�?�DE�37�?¢#<
z��<¢���372.zOCn�?z10�¢1�T�<0A37�<,.�Y���?2.z1-R<j,�>S@��G,�>ó,.z �D<0@(2.3��7,.z
�¯3�2
���
�?z~��/��¯3��`,.�Y���?2.z~�Y372
-7-�-��<�²�7��2
z1-<*¦vy/��¯-�@��?z�0��G-��73��NE�¢��7��2
z~��z
��/1��37�<-��G0�¢1,Z�'z�¢1�T���<¢1-o�T,ZzQE��Ò0��`0�¢1�T�<0T;k3�2J<¿,¯�T2�<0@1,Z37�G-�2
z
2$;l��/1�i3��<�?,Z���?�.�6@�2J@�¢��G,u�7��2
zÖ2�;#�?2uxFCç�N>���z1¡j-��7,Z���`-yx:�W�7/¦0��VU��T3�C
�TzJ��-�@���z�-=WX<j�<,
-�¢�37�<0ë¢1-���z�¡+��/1� � �� 	�2K��ó,.3�3s,�>#Y²{Jx:�W�7/ë�7/��
@�37�<0��G�²�7��2
z1-2;k3�2J<¿-��s,u���+Cç2�;�CL�7/���CC,Z3��:Z�,Z¢1-��T3�Cn�1�<-�/?E1,.�s/¦�T2�0��<-
�?z1�Y2
3�@(2.3s,u�7��z�¡[@�3��<�&BJ¢��?���NE�37��¢	<\<�2�0��<�?-<*V�V37�T��BJ¢����?�NE�3��?¢#< 37��C

].^`_ ��acbd��e²ü���agf�h�h������d���	i�j+k�l�i+m.n�o�p�q�r
r�s&r?t�u+m.v
w øx�d���d��ü�byf�h�h������d���6����z f���bLþ{��ü+bFe�|'ø`��}&�d��a�����~�ü�� �����d��� b�}0e�|��lý�� _ z��J�
����� 
����.�T

�.ú�fsü f�h f

,
�²�7��2
z1-',Z37���N<0@�2
3��s,ZzJ�}x:/��Tzj�?z1�Y�G0��TzJ�}z��<¢���372.z��Tz��<3�¡
���`-',Z37�
,�E�2u�
�{���&�o|I�+�+{Z,.-'�<�J�G0��<z1�Y�`0[E?>��
* ¡�*�{ ;5,
-��}z��<¢���372.z��+<j�G-�C
-��?2.z!*jvy/��Ô-�@���zÁ0��G-��73��NE�¢��7��2
zÁ�?-6@�37�<0��?�Y���<0QE?>I��/1�j��/��<2.37�Y��C
�G�T,.�i�T,Z�G�Y¢1�?,Z���?2.z1-<*�Z�2ux��T�
�T3`{y��/��<3��Á,Z37�Èz12N�+�?@(�T37�N<��<zJ�7,Z�
01,u�7,Ò��2ë�T2�<0@1,Z37�ix:����/I�7/����7/��T2
3��T���G�T,Z�#�T,Z�G�Y¢1�?,Z���?2.z1-:2�;}��/��
-�@��?zñ0��G-���37�DE�¢����?2.z\��z���/��Á37�<-��?0�¢�,Z��zJ¢��Y�?�T¢1-Ö�?z��7/��È37�T¡
��2
z
2�;V��/1��@�3��<�&BJ¢��?���NE�37��¢	<�3��`,.�²�7��2
z1-<*�vy/��0@�2ux��T3�;k¢����`Cç3s,�>Ö,.3�C
3s,�> � �� 	�2K�� �Y2
¢#@��?�<0Ix:����/I�7/����?zJ���<z1-���z��T¢��73�2
z�E(�<,$<�,u�
§ ���:�u¥# 	�H�1����E�37��z�¡J-i,Ìz��Tx ��2�2
��;k2.3o�7/��Ô�?zJ�
�<-����?¡
,Z���?2.z
2�;��7/��P@�37�T��B
¢1���?�DE13��?¢#<�@13�2��Y�`-�-<* vy/��P@1,.3��7�?,.�F�xCn3s,�>½�Y372
-7-
-��<�Y���?2.z1-�;k2
3��?2uxFCç�N>���z�¡j-��7,u�7�<-:x:����/I0��DU��T37�TzJ�4���ëx��T37�6<j�<, C
-�¢�37�<0È,.-i,�;k¢�z1�Y���?2.zÁ2$;�z��T¢��73�2
zÈ�<z��T37¡�>
*+vy/��`-��Ò�T3�2J-�-o-��<�
C
�7��2
z1-:x��T37�i��zJ�7�T3.@�3��T���`0¯x:����/Ö�7/���,Z�G0Ì2$;'37�<,.�Y���?2.z�<j2�0��T�?��z�¡
�72+0��T���<3�<j�?z����7/����737,.z1-�;k�<3�37�<0Ò-�@��?zë0��G-��73��NE�¢��7��2
z!*�KCz1�Y37�<,
-��`0
¢1z10��T3s-��7,Zz�0���z1¡Ï2$;	��/���@�37�T�&BJ¢��?�?�DE�37�?¢#<�<��`�s/1,Zz1�?-�< -�/�2
¢��G0
�N<0@�372u�.��3��`,.�²�7��2
z�<j2�0��T��@�3��`0��G�²���?2.z�-T*
�V37�T��BJ¢����?�NE�3��?¢#< 37�<,
�²���?2.z�-Ö�7,Z�
�Q@1�?,
�Y�~2.zØ,N���N<j�½-��<,Z�?�
�7/1,u�#�?-�E(�Y��x��T�<zo��/���0���37�<�Y��,Zz10i�T2�<0@(2.¢�z106@13�2��Y�`-�-��<-<*����?z1�Y�
@13��<�&BJ¢��?���NE�37��¢#<ò�&<j�?-7-��?2.zÖ2��T�T¢�37-�E(��;k2
3�����/1�o�T2�<0@(2
-��W�7��z�¢OC
�T���<¢1-�37�<,
�s/��<-y���7-	�&BJ¢��?���NE�3s,u�7�<0I-��7,u�7�.{�2.z¦,b�.�<37,.¡.����/1�4@�37�T��C
BJ¢��?�?�DE�37�?¢#<�@1,.3��7�?�T���`-i,Z37���&<j�W�����<0cx:����/ <j2.37�j�Tz��<3�¡J>Ì��/1,.z
�7/��4@1,.3��7�?�T���`-�;k2.�?��2ux:�?z�¡j�7/��=;k2.3.<Ò,u�7��2
z¯2�;},Ò�T2�<0@(2.¢�z10Ìz�¢OC



�

�Y�?�T¢�-T*V 	�W�7/�2.¢�¡
/ë�7/��6@�37�T�&BJ¢��?�?�DE�37�?¢#<�<j�<�s/1,.z��G-�<ò/1,
-FE��<�Tz
-���¢10��?�<0o�?zo��/1�g@1,.-��<{b�����G-ªz�2Z�l�Y2�<0@��?�Y�7�T�N>�¢1z10��T3s-���2�2�0ª*�|I�`, C
-�¢�3��?z�¡È��/��P@13�2J<8@��j37�<,
�²�7��2
zA� 3s,�>�-j,
-Ò,�;k¢�z��²���?2.zA2�;��?zOC
�Y�G0��<z
��z��T¢���372.z¦�<z��T37¡�>�@�372u�J�G0��`-��N<8@13�2u�
�<0Ì¢�z10��T3s-��s,Zz10��?z�¡
2$;o�7/��Ï-�@���z�-R@(2�@�¢��G,u�7�<0SE?>��7/���@�37�T��BJ¢����?�NE�3��?¢#< 3��`,.�²�7��2
z��
��/1�?-'�?zO;k2.3.<Ò,u�7��2
z��G-'2�E��s,Z�?z��<0 E?>�-��7¢10O>��?z�¡�,.z�¡.¢1�?,.3�<j2J<��<zOC
��¢	< ��z#;k2.3.<j,Z���?2.z ;k2.3���/1���`Cn37,�>~�T,
-��<,.0��`-��?zN��/��Ì37�<-��?0�¢�,Z�
z�¢1�Y�?�T¢�-T* ���<�.�T3s,Z�F<j2�0��T�G-j/1,b�
��E(�T�<zA0��T�.�<��2J@��`0½�7/1,u�ë0���C
-7�Y37�DE(���7/��2@�37�T��BJ¢����?�NE�3��?¢#< @�372��T�<-7-��#��/1���T,
-��<,.0��2<�2�0��<���D���n{
��/1���+���Y����2.z�<j2�0��T�	� � �n{ª��/��Ò�'wiw�<j2�0��<�	� 
��n{ª�7/���Z	|T��� 
��
<j2�0��T�ç{y��/��cv:�	¥�� ���H<j2�0��T��,.z10 ��§A©�� ���:<j2�0��T�ç*¨vy/��
BJ¢1,ZzJ�7¢#<8Cd<j�<�s/�,Zz��G�T,.���7/��T2
3�>�2$;��1�<-�/?E1,.�s/!{ywo�T3.<Ò,Zz!{�,Zz10
wo2�2.z��?z W5�'wiw4Yy0��<-7�Y37�NE��`-y��z��<�?,
-��7�?�6<+¢������G-��7�+@ @�372��T�<-7-��`-���z
z�¢1�Y�?�T2
zOCn��z10�¢1�Y�`0N37�<,
�²�7��2
z1-T*ñvy/��?-�<j2�0��T�	,.���?2ux�-Ò,½0��?3��`�²�
�T,.�?�T¢��G,u���?2.zë2$;!�7/���-�@��?zë0��G-��73��NE�¢��7��2
z1-�2$;�37�<-��G0�¢1,Z�(z�¢1�Y�?�T�(37��C
<Ò,Z�?z��?z�¡	, ;R�7�T3�@�37�T�&BJ¢��?�?�DE�37�?¢#<ñ�&<j�?-7-��?2.z�*#vy/��M<j,.¡.z�����¢�0��V2$;
@�37�T��B
¢1���?�DE13��?¢#<¿�&<��G-7-��?2.z~,u�i�u,Z37�?2.¢1-o�?z1�Y�G0��<z
��z1�T¢��73�2
zc�<zOC
�T37¡.�?�<-	, U��<�²�s-��7/���,.z�¡.¢��G,Z32<�2J<j�TzJ��¢#<�0��G-���37�DE�¢����?2.z¦2�;l�7/��
@(2�@�¢��G,u�7�<0i-��7,Z���<-���z���/��V�+���Y�����<0o37�<-��G0�¢1,Z�
z�¢1�Y�?�T¢1-<*#vy/1�?-#0��?-�C
��37�NE�¢����?2.zc�G-�0��VU��T37�TzJ�H;k3�2J<���/1,Z�i,.3��G-���z�¡�;k3�2J<��&BJ¢��?���NE�37��¢	<
z��<¢���372.z~�&<��G-7-��?2.z~,Z�?2.z1�.*Ìv�2¦-���¢10#>Ï�7/��ë-�@���z½0��?-���37�DE1¢����?2.z
2$;y�7/��ë37�<-��?0�¢1,Z��zJ¢��Y�?�T¢1-���zA@13��<�&BJ¢��?���NE�37��¢#< 37�<,.�Y���?2.z1-<{l2.z��
z��<�<0�-���2��7,Z¡+-��s,u���`-�x:����/¯-�@(�<�T�VG���,Zz�¡
¢��G,Z3�<j2J<��<zJ��¢#<Ì*} �z
����,�<8@1����x�2
¢��G0=E�����2o�Y2J<0@1,Z37�V�7/��M@(2�@1¢��?,Z���?2.z+2$;����¦-��s,u�7�<-
��2 � �Á-��s,u�7�<-V�?zÒ�7/���¡.372.¢1z10Ò-��s,u�7�yE1,Zz�0Ò,.-V,6;k¢1z1�²�7��2
zÔ2$;ª�?zOC
�Y�G0��<z
��z1�T¢��73�2
zc�<z��T37¡�>I�?z~,Ì3��<¡.�?2.zÈx:/��T37��@�37�T�&BJ¢��?�?�DE�37�?¢#<
�G-y���O@��`�²�7�<0¯��2Ô0�2J<j��z1,Z���
*
vy/��¿���O@(�T37�D<j�<z
�s,Z�\0��Y�s,Z�?�?-q2$;Ø��/�� <��`,.-�¢�37�+<j�TzJ� 2$;

@�372�<0@����I37,�>�-�;k372�<òz1�T¢��73�2
zOCç�?z10�¢��Y�<0ë3��`,.�Y���?2.z1-�,Zz10¯,+0���C
-7�Y37�D@��7��2
zñ2�;��7/��~���O@(�T37�D<j�TzJ�s,Z�i0��T���G�Y�`-I,Z37�Q@�37�<-��TzJ�7�<0ñ��z
���`�²���?2.z�K�K²* KCz ���<�Y���?2.z�K�K�KÖ��/���,.z1,Z�N>�-��G-Ö2$;j��/1�~���O@��<3��DC
<j�TzJ�7,.�	0�,Z�7,c�?-Ò0��<-7�Y37�DE(�<0ª* vy/1�Iz������ë-��<�²�7��2
zN�?z1�T��¢10��<-Ô,
0��`-��T3��N@����?2.z�2$;���/��yZ�,Z¢1-��T3�CC���<-�/?E1,.�s/8�J�7,Z���G-��7�?�<,Z��|I2�0��<���T,Z�DC
�Y¢1�?,Z���?2.z1-<*��},Z3����G,Z� �`Cn37,�>Ô�T3�2J-�-:-��<�Y���?2.z1-�,.3��6@�37�<-��TzJ�7�<0Ì,Zz10
�Y2J<0@1,Z37�<0ëx:�W�7/�Z	,Z¢�-��<3�CC���`-�/?E1,
�s/ë-��s,u�7�?-����G�T,.��<�2�0��<���T,.�?�T¢OC
�G,u���?2.z�-T*  ��G-�2Á��/��¦-�@��?zA0��?-���37�DE1¢����?2.zó2$;i-��s,u�7�<-0@(2�@�¢��G,u�7�<0
E?>~��/1��@13��<�&BJ¢��?���NE�37��¢#< 3��`,.�²�7��2
z1-j,Zz10���/1�Ì�T2�<0@1,.3��G-�2
z½2$;
���O@(�T37�D<j�<z
�s,Z�	,.z10N��/��<2.37�Y�7�?�<,Z�y@�37�<0��?�Y���?2.z1-Ò,.3��¦0��G-7�Y¢1-7-��`0ª*
���`�²���?2.zP�÷-�¢	<8<Ò,.3����T�`-y��/���3��`-�¢����7-	2$;'��/1�?-	x�2
3���{�,.z10 @�372$C
���?0��<-:-�¢�¡.¡
�<-����?2.z1-M;k2.3F;k¢���¢�37�i3��`-��`,Z3s�s/!*

)
)�*���������14)! "��-0/$#�%�&���/27'�

vy/�� �+�O@��<3��N<j�TzJ�7,.�Á01,u�7,�x��T37� 2�E��7,Z�?z��`0 ,u�\��/1�÷¥�2
-
 ��G,$<j2J-~���T¢���372.z����Y�?�Tz��Y�ñ���TzJ�7�T3 W5¥# 	�H�1���MYÁ§c�<,�@�2
z1-
���<¢���372.zI�:�`-��`,Z3s�s/QW5§ �	�2Y{;5,.�Y�?�?�W��>
*� ��:��/���§ �	� ;5,.�T���?�W��>
{
-�@1,Z�?�?,Z���?2.zÒz��<¢���372.z�-�,Z37�y@�372�0�¢1�T�<0�E?>8E�2J<[E1,.370��?z�¡�,�z1,u�7¢OC
3s,Z�(§ �7,.3�¡
�Y��x:����/Ö,Zz)(J���$Cn|I�&� @�¢��G-��<0�@�372Z�72.zRE(�<,�< ;k3�2J<
��/1�Ï¥� ��:�1���q���?z1,.�.*¨vy/���@�¢��G-��<0 @�372Z�72.z E��`,$<��Y2
z1-��G-��7-
2$;=<j�G�Y372�@�¢��G-��<-P�
* ($C+*!-Ô,�@1,Z3��<{{E1¢�z1�s/��`0A��zJ��2I<j,
�Y372�@�¢1�?-��<-
� � �,*!-Ô�?z 0�¢�3s,u�7��2
z!* �?@1,Z�?�G,u���?2.z z1�T¢��73�2
z1-Òx:����/ �<z��T37¡.�?�<-
3s,Zz�¡
��z�¡:;k372�< ,H;k�<xN�
�+�A�72iz��<,.3��N>�(��J��|¦�+��,.3��F@�372�0�¢1�Y�`0ª*
vy/��.-�x:/������0/�z��T¢��73�2
z�-�@(�<�Y��37¢#<¨0��<�T3��`,.-��<-�z��`,Z37�D>����O@(2.z��<zOC
���G,Z�?�N>~x:�W�7/��?z1�Y37�<,
-��?z�¡¦z��<¢���372.z��Tz��<3�¡J>.*Á¤��`,$<8Cn/1,Z3s0��Tz1��z�¡
<Ò,u�7�T37�?,.��W��
* �o�+< 2$;ª�?�<,
0	Ylx�,
-�@��G,.�T�<0���zj�7/��:z��<¢���372.z211�?¡./J�
@1,Z��/!*jvy/��jz��T¢���372.z1-ox��T37���T2.�?���N<Ò,u�7�<0I�72I,Ö�T��3s�Y¢1�?,.3:E(�<,�<
-�@�2.�i,�E�2
¢����.*3�ë�+<¿�?zc0��G,$<j�T���T3i,Z���7/��Ò-��<,u�����T37�?z�¡$CC-�,�<0@����

@(2
-������?2.z!*¦vy/��¯-��<,u���7�T37��z1¡¦-�,�<8@1���ë�T2.z1-��G-��7�<0Á2$;	
1* 
I¡
37,�<Ò-
2�;yvy�k�54j�?zÁ��/���;k2
3�< 2$;:0��G-���- � * 
¦�+< 0��G,$<j�Y�7�T3`{#�<z�37�?�s/��`0
�7276�6�* (#��8¿�?z:9<;Tvy�ç*Ávy/1�R�A37,�>�-�x��T37�¯0��Y���`�²�7�<0½x:����/���/��
� �� 	�2K�� W � ��3�<Ò,Zz1��¢#<÷ �3737,�>[;k2.3��	�T¢��73�2
z�KCz10�¢1�T�<0Ò�g���T�VC
�s,u�7��2
z1-.Y�-�@(�<�Y��372�<j�Y�7�T3`{
�?2��T,Z���<0ë,$E(2.¢�� � �[< ;k372�<÷�7/���z1�T¢OC
�73�2
zÖ-�2.¢137�T��2
zë�7/��.���>=�3��?¡./J�?11�?¡./J�{@1,u�7/!*V��2
3y��/��G-:���O@(�T37�VC
<j�<z
�`{(��/�� � �� 	�2K���-�@��`�²�73�2J<��T���<3��Y2
z1-��?-����`0Ì2$;y���[@��?,.z1,Z3
,.z10 �@� � ��8 Z��?¡./OC @�¢�37�W��> � �AW�Z	� � ��Y��Y2J, ���?,.�:0��Y�7�<�²�72.3s-T*
 	����2$;���/��Q@��G,Zz1,.37-Ò,.z10"6~2$;���/��È�Y2
,$���?,.��0��Y�7�<�²�72.3s-Òx��T37�
��BJ¢��D@	@��`0¯x:����/Ï��2J<8@���2.zI-�¢#@#@�37�<-7-���2
z¯-�/����<�?01-T*�vy/1�o0��Y���`�
C
�72.3s-lx��<3��y-�����¢�,u���`0�,Z�},�0��G-��s,Zz1�T�y2$;�����
o��< ;k372�<Ø�7/���;k2��<,Z�
@(2.�?zJ��x:/��<3��:�7/���-7�T,Z���7�T37��z�¡�-7,$<0@��?���G-V�?2��T,u�7�<0ª*}vy/��2@��?,.z1,Z3
0��Y���`�²�72.3s-yx��<3���¢1-��<0¯��20<j�<,
-�¢�37�H�¦37,�>�-�x:����/Ì�Tz��<3�¡
���`-y���`-�-
�7/1,ZzS�Ò|I�+� ,.z10È��/��Ò�T2
, ���G,Z�}0��T���<�Y��2
37-6<j�<,
-�¢13��`0��½3s,�>�-
x:����/��Tz1�T37¡.�?�<-l¢#@+��2A
i|I�+�+*Zvy/��F@��?,.z1,Z3}0��T���`�²��2
37-lx��T37��,.3�C
3s,Zz1¡.�<0¯�?zI3��?z�¡
-:,Z��,Zz1¡.�?�<-y2$; ��B * 
 = W�;k2
¢�3	0��T���`�²��2
37-�Y²{C��(�* 
 =
Wk��x�2Ì0��T���<�Y��2
37-�Y²{�� � (�* ��=�Wk2
z��Ò0��Y�7�<�Y��2.3
Y²{!,.z10A�0
 � * B =�WX;k2.¢�3
0��Y���`�²�72.3s-.Y�x:�W�7/N37�<-�@(�<�²����2È��/1�Öz1�T¢��73�2
zIE(�<,$< 0���37�<�Y���?2.z!*
vy/1���Y2J, ���G,Z��0��Y���`�²�72.3s-�x��T37�	,Z373s,Zz�¡
�<0���z¯3��?z�¡J-�,Z��,Zz1¡.�?�<-V2�;
�D��* ��=[WR��x�2�0��Y�7�<�Y��2.3s-�Y²{ BDB * B =[WR��x�2�0��T���<�Y��2
37-�Y²{`�&�J��*3�D==WX;k2.¢�3
0��Y���`�²�72.3s-.YY{',.z10 � � 6�*3�D=�Wk2.z1�¯0��T���<�Y��2
3�YY*Èvy/��Ö-��D�c37�+<Ò,.��zOC
�?z�¡��Y2
,$���?,.��0��T���<�Y��2
37-�x��<3���¢�z1-�¢#@#@�37�<-7-��`0Ò,Zz10Ô��/��<��3��T�
�TzJ�7-
x��T37�ë,.z1,Z�N>E�T�<0½2.z��N>Á��zI�x�A�Y2.�?z1�T�?0��<z1�Y��<j2�0��.*~vy/��Ì0�,u�s,
;k372�<¿��/��ë-�¢#@#@13��`-�-��<0c0��Y�7�<�Y��2.3s-ox��T37�j�T2.�?���`�²�7�<0È��z~-���z�¡
���`-�C
,.z10?Cn/��?¡./��<3�Cd;k2.�G0�<�2�0��
{'3��`-�¢������?z�¡I�?z�,Ì�72Z�7,.��,.3�3s,�>¦3s,u���Ò2�;
�5F 
��OZ	�
*���2
3��<,
�s/¯¢1z1-�¢	@#@�37�<-7-��`0��`Cn37,�>Ò�<�.�TzJ�`{1,0<Ò,.-����T3
¡J,u�7�Òx:��z10�2ux÷2�; � �G*!-�xy,.-�2�@(�Tz��`0½0�¢�37��z1¡Ix:/��?�s/½,.����¢�zOC
-�¢#@#@13��`-�-��<0�@�¢��G-��`-�;k3�2J< ��/�� � �i0��T���<�Y��2
37-�x��T37�:@�372��Y�`-�-��<0ª*
vy/1��0�,u�s,Ò-��73��`,$< �Y2.z�-��G-��7�<0Ö2$;},�E�����0��T���<3�<j�?z���z1¡Òx:/��Y�7/��T3
�7/��o�T�
�TzJ�:2��<�Y¢�3737�<0Ô�?zÖ2.3:2.¢��y2�;��7/��6<j,
�Y372�@�¢1�?-��.{J��/1�o���N<��
37�T�G,u�7���
�V�72	�7/���-��7,.3��l2$;��7/��F<Ò,.�Y372�@1¢��?-��2W53��`�Y2.3s0��`0i��z��&�J�:z1-
�?zJ���<3��u,Z�G-�Y²{Z�<z��T37¡�>�H	I1{
,.z10 Wk�D;(�?z0E��`,$<RY#���N<j��JKI�37�T�G,u���?�.����2
�7/��0@�372Z��2
zQ<j�G�Y372�@�¢1�?-��[;k2
3i�<,
�s/È0��T���<�Y��2
3ix:/��?�s/c37�<�Y2
370��<0
,.zë�<�.�TzJ�`*'vy/1����LÒ�T���<z1��>Ò2�;!��/1�o,.3�3s,�>�/1,.-ME��<�TzÌ�T,.���NE�3s,u���`0
�7/�372.¢�¡
/È,Ì-��<3��?�<-o2�;�-�2.¢�3s�Y�8<j�<,
-�¢�37�+<j�<z
�s-T{#-�¢#@	@����&<j�TzJ���`0
E?>�0��Y�s,Z�?���`0 <j2�0��<���?z�¡M� B ��¢�-��?z�¡o��/1�:��3s,Zz1-�@(2.3��}�T2�0���|È���	�
� (��n*
  G�-7-��?2.zó�s/1,$< E��<3j�T2.z1-��G-��7��z�¡c2$; 4!NPO�Q 4!N ;T� ;k2.�?�G-R� 6���xy,.-
�?2��T,Z���<0 � < ¢#@�-��73��`,$< ;k372�< ��/�� � �� ��yK�� -�@(�<�Y��372�<j��C
�7�T3`*ñvy/��Iz1�T¢��73�2
zS1�¢O�Nxy,.-Ô0��Y���<3�<j�?z��<0ó¢1-��?z�¡Á��/��`-���G�-�C
-��?2.zÒ�s/1,$< E��<37-<*#�	�T¢��73�2
zÒ�Tz��<3�¡
���`-}x��T37�y0��Y���<3�<j�?z��<00E?>+��/��
�7�D<j�+Cç2�;�CT11�?¡./J�=W5v	����Y����`�s/�z���B
¢1�.{�¢1-���z1¡+�7/��i0��Y�7�<�Y���?2.z¯���N<��
2�;!��/1�U-V1�,.-�/W/i2�;��I37,�>�-��T,.¢1-��`0RE?>���/��i-�@1,Z�?�G,u���?2.zë3��`,.�²�7��2
z
x:����/¯3��`-�@(�<�Y���72��7/��6E��`,$<ò3�;�-��?¡.z1,.�(,
-y,�37��;k�T37�Tz��Y�2<Ò,.3��
�T3`*
vy/1�ë0��Y�7�<�Y���?2.z~�7�D<j�Ô2�;{�N3s,�>�-6@13�2�0�¢1�T�<0 E?>Áz��T¢���372.z1-i�?zOC
�7�T3s,.�Y���?z�¡ix:�W�7/j��/���-�,�<8@1���:xy,.-'¢1-��<0��72��T,.�?�T¢��?,Z���y�7/��	v	���
2�;���/1�cz1�T¢��73�2
z1-ë37�T�G,u�7���
�¦�72��7/����xC+1�,.-�/�0��T���`�²���?2.zñ���N<j�.*
���D<j�?�?,.3��N>.{ª-���¡
z1,Z�G-{;k372�<��7/��[G(-�-���2
zÏ�s/1,�<[E(�T3�x��<3��+¢1-��`0Ì��2
@13�2u���G0���,X11�?¡./J�#�7�D<j�y37�T�G,u���?�.����2���/����`CT1(,.-�/�0��Y�7�<�Y���?2.z+���N<��
WL,Z�G-�2j2JE1-��<3��
�<0ë��z¯��/��6G(-�-���2
zÖ�s/�,$<[E(�T3
Y²*

)
)
)�* 5.#{/$#Y# -'#Z%\[2&x)�&

vy/��Ï01,u�7,Áx��T37�¦�Y2
���?�<�Y���`0I;k2
3ë,$E(2.¢��)�~0�,�>�-Ô,Zz�0ó,~��2$C
�s,Z�#2$;V,$E(2.¢��]
1* ��^{�&� ; -��?z�¡
���+C�,Zz10Ì/1��¡
/��T3�C�;k2
�?0Ì�<�.�<z
�s-:x��T37�
37�<�T2.3s0��<0!*\vy/��<3��Ïx��<3��¦,.�?-�2½-��&@1,Z3s,u�7�I���O@(�T37�D<j�TzJ�s,Z�	37¢�z1-
x:����/I,+�7,.3�¡
�Y�_-�-7,Zz�0�x:�?�s/1�<0`/ E��T��x��<�TzI,8@1,Z�?3:2$;$��C <j���!z�,u��C






¢�3s,Z���?372.z8;k2.�?�?-}��2��u,Z�?�G0�,u�7�y��/����+�O@��<3��N<j�TzJ�7,.�����`�s/�z���B
¢1�	,Zz10
-�>�-����&< �T2.z1-��?-����<z1��>
*Ö)�¢�37��z1¡Ï0�,u�s, @��G,�>�E�,.�s��{!�T�
�TzJ�7-�x��<3��
-��+@1,.37,Z���<0 ��zJ��2 E��`,$<8Cn2.z�,.z10 E(�<,�< Cn2$U <Ò,u�73��G�Y�`-T*òvyx�2$C
0��N<j�Tz1-���2
z1,Z�?<Ò,u�73��G�Y�`-l2$;�H�Ii��-<*#v	���¦,.z10=�`�Ô�Y2
��z1�T�?0��Tz1�T�<-
x��T37�:¡.�Tz1�T3s,u���`0ª*�KCzÒ2
370��T3}�72��D<0@�372u�.�:-��7,Z���G-��7�?�<-T{J0�,u�s,6;k3�2J<
0��T���<�Y��2
37-j2�;i,�@1,.3��7�?�T¢��G,Z3j��>?@�� WX@��G,Zz1,.3Ò2.3Ô�T2
, ���G,Z��Y+x��<3��
-�¢#<0<��`0ª*ñvy/1�I�Tz��<3�¡J>��T,.���NE�3s,u���?2.zóxy,.-0@(�T3�;k2.3.<��`0ó¢1-��?z�¡
��/1���Tz1�T37¡.�?�<-�2$;�x��T�?�DCç��z�2ux:z����?z��`-��?z 9P;<vy�J,.z10o2Z�7/��T3��?-�2Z�72�@(�<-
�?zÏ�7/���E��`,$<8Cn2.zÁ0�,u�s,R;k2
3i�<,.�s/c-��T��2$;y0��Y�7�<�²�72.3s-T*j���<¢���372.z
�Tz1�T37¡.�?�<-�x��<3��i0��T���<3�<j�?z��<0Ö¢1-���z1¡+�7/���v	���Á�7�<�s/�z���BJ¢��.*
vy/��Á�����Y���7,Z���?2.z ;k¢1z1�²�7��2
z1-Ix��T37�È2JE��7,.��z��`0 E?>�,�@#@��N>J�?z�¡
v	���È¡
,u�7�<-2�@� � -�x:�?0���2.zj�7/��2�`Cn37,�>��<�.�<z
�s-V�?zÒ��/1�	�?z
�7�T37�u,Z�
��2RH������+�72 � �$�Ö|I�&��*��12.3i�<,
�s/cv	��� E���z�{#,��<) �`Cn37,�>
@�¢��G-���Cn/��T�?¡./J�:-�@(�<�Y��37¢#<òx�,
-�¡
�Tz��<37,Z���`0Ô,Zz10RG����7�<0¯x:�W�7/ë�7/��
�Y2J<0@�¢����<3:�Y2�0����	��
����V�����ªx:�W�7/�@(�<,.�Ò-�/1,�@��H@1,.37,�<��T���<37-
,Zz�04E1,
�s�J¡
3�2
¢�z10i�?�T�
�T�G-'0��Y�7�T3.<��?z��`0=;k372�< ,�¡.�?2�E1,.�JG1�l�72	�7/��
-�@��`�²��37¢#<Ì*+�l�����7�<0Q@��`,Z��-���zÈ��/��Ò-�@��`�²�73�¢#<�x��T37���?0��<zJ���DG1�<0
E?>��Y2J<8@�,Z37�?-�2.z�x:����/j,.�<�Y�&@����`04�`Cç3s,�>��Tz��<3�¡
���`-T{b�s,$E�¢��G,u�7�<0���z
��/1�ë�	��)� }vò0�,u�s,$E1,
-��R�D�����n*Ì�},Z3����G,Z���`Cç3s,�>Ï�Y372
-7-i-��<�²�7��2
z1-
;k2.3���3s,Zz�-������?2.z1-�x��<3��	2�E��s,Z�?z��<0Ò¢�-��?z�¡��7/��y;k2
���?2ux:�?z�¡=;k2.3.<�¢1�?,


 I WTH � Y�� W������ I Y��������
�����

���! "�#�
�� $�%�

� �
&('
) I
*+�-, W���Y

x:/��<3��.� I¦�G-o��/��ë��zJ���<3�z�,Z���T2.z��.�<37-���2
zÈ�T2J��LÔ�Y�?�TzJ�<{ ����� ,Zz10
�/��� ,Z37�	�7/���0��T���<�Y���?2.zÖ� LÔ�Y�?�Tz���>Ô2�;#�7/�� � �T3.<j,.z��?¢#<�0��T���`�
C��2
37-¯,Zz10 G�-�-��?2.z �s/1,�<[E(�T3`{ �� $��� ,Zz�0 �� "��� ,.3��¦��/��È���?�.����N<j�<-y2�;���/1� � �T3.<j,.z��?¢#<q0��T���<�Y��2
37-y,Zz�0Ô�7/��6G�-7-��?2.zÖ�s/1,$<8C
E(�T3`{ &0' �G-���/��Ö,Z37�<,Z��0��Tz�-�����>È2�;:��/��)9P;`vy�y-�,�<8@1���
{ ) IÏ�7/��
�`Cç3s,�>6@��`,Z�+,.3��`,�{Z,.z101* � �7/��:z�¢#<[E(�T3}2�;(z1�T¢��73�2
z1-}�Y2
¢�zJ���<0
�?z¯�7/��6G�-7-��?2.zÌ�s/1,�<[E(�T3`*
vy/��	�?zJ���T37z1,.���Y2
z��.�T3s-���2
zj�T2�� LÔ�Y�?�TzJ�7-�,Z37�:�7,.�.�<z0;k3�2J< �7/��
�	��)� }v �V�J���!0�,u�s,$E1,
-��
*'vy/1��z��<¢���372.zM11¢O�ë¢�-��`0ë�?z¯�MB�*�W���Y
�T,.z�E(�+0��T���T3.<j��z1�<0 ;k372�<��T����/1�T3���/�� 4!NPO � 2.3	��/�� 4!N ; � ;k2.�?�
�?zë�7/��6G�-7-��?2.zÌ�s/1,$< E��<3<*}vy/�372.¢1¡./�2
¢����7/��G-F@1,$@(�T3`{���/�� 4PN ;T�
;k2.�?�:/1,
- E(�T�<z�¢1-��<0ó�Y2
z1-��?-����<z
�7�D>Á�72È�+����3s,.�²�0@1,.3��7�?,.�M�`Cn37,�>
�Y372
-7-�-��<�Y���?2.z1-<{b��z�2.3s0��T3���2�,b�
2.�G0���/���x:3s,$@OCC,Z372.¢�z�0:@13�2JE����&<
,Z37�G-��?z�¡i�?zÔ��/1�	�?z1�Y�G0��TzJ��z��T¢��73�2
zRE(�<,$<ò-���37¢1�²�7¢�37�[W5-���z��Y���7/��
11�?¡./J��@1,u�7/��G-#�?2.z1¡	�Tz12.¢�¡
/i��/1,Z�l�?2ux~�Tz1�T37¡�>oz��T¢���372.z1-l,Z373��?�.�
,u�+��/��¯�7,.3�¡
�Y����2��T,Z���?2.z�,Z���7/��Ö-7,$<j�ë���N<��Ì,.-+/��?¡./OCn�Tz1�T37¡�>
z��<¢���372.z1-�;k372�<�,�-�¢1�<�Y�<-7-����
�H@1¢��?-���YY*
vy/�� �`Cç3s,�> ,$E1-�2.�?¢��7�~� LÔ�Y�?�Tz1�+>ñ�T¢�3��
�<-�;k2
3�@��G,Zz1,.3Ï,Zz10
�Y2J, ���G,Z��0��Y�7�<�²�72.3s-lx��<3����T,Z�G�Y¢1�?,Z���<04;k2.3 � �� ��yK��Á0�,Z�7,�¢1-��?z�¡
|I2
z
�7��C���,Z37��2Ö-��N<�¢1�?,Z���?2.z1-�2$;���/��Ò,.3�3s,�>,� B { (��ç*jvy/��Ò�T,.�?�T¢OC
�G,u���`0Ô��LÒ�T���<z1��>Ò�T¢�3��
�<-�,Z37���Y2
3�37�<�Y���`08;k2.3�E��`,$<8Cd@13�2�G1����,Zz10
�7,.3�¡
�Y��Cç¡
�T2�<j�T��3.>N�+U(�`�²�7-<*�vy/��~|I2.zJ�7��C���,Z37��2ó-��N<�¢��G,u�7��2
z1-
;k2.3Ò�T2
, ���G,Z��0��Y�7�<�²�72.3s-�x��T37��@��<3�;k2
3�<j�<0 ;k2.38�xCn3s,�>È�<z��T37¡.�?�<-
E(�Y��x��T�TzR
J�����.�&� ,Zz10��0(J���+�.�&��*1vy/���� LÔ�Y�?�Tz1�+>¯�T¢�3��
�H;k2.3
�Y2J, ���G,Z�'0��Y�7�<�²�72.3s-�x�,
-��+����3s,$@(2.�G,u���`0I�72¯/��?¡./c�Tz1�T37¡.�?�<-o,Zz10
�.�<3��DG1�`0ëx:����/��`Cç3s,�>j3��+;k�T37�Tz1�T�o-�2.¢137�T�<-<*
vy/���0��<,
0����N<j�6;k37,
�²�7��2
z1-=W�� F ���?�.�T���N<j��Y��?z¦��B(*�W���Y�x��<3��
�T,.�?�T¢��G,u���`0 ;k372�< �7/��¯3s,u�7��2c2$;:<��`,.-�¢�37�<0½ �)o�q,Zz10N-��<,Z�?�T3
�Y2
¢�zJ�7-<*�v#2Z�7,.�:0��<,
0����N<j�<-j2$;A� � * �E8 ,.z10"��(�* �>8 x��T37�Ö0���C
���<3�<j�?z��<0 ;k2.3��7/��R@��G,Zz�,Z3+,.z10~�Y2J, ���G,Z��-�¢#<Ò-T{'37�<-�@��`�²�7���
�T�N>.{
,Zz�0Ò0��<,
0����N<j�<-V2�; � � * �>8 ,Zz10 ����* 6>8¨x��<3��:2JE��7,.��z��`0 ;k2.3V�7/��4PN!O �¨,Zz10 4!N ;T� G(-�-���2
z�;k2
���G-<*'vy/1��-�>�-����+<Ò,Z���G�	�+�J�737,
�²�7��2
zë2$;
,Zz1¡.¢��G,Z3�0��?-���37�DE1¢����?2.z1-4;k2.3[�N3s,�>�-���z � �� 	�yK�� 0�,u�s,Ì�?-�,Zz
�����T�T�<0���z�¡
�D>Ì0�� LÔ�Y¢����	�s,.-��(*�vy/1� � �Ô0��Y���`�²�72.3s-:��z¦��/���,Z3737,�>
2��T�T¢#@?>�2.z1�D>S�Á0��?-����?z1�²�Ö,Zz�¡
���`-T{y,Zz10N�7/��I3��<�?,Z���?�.�<�D>�-�/�2
3��

0��?-��7,.z1�Y�4E(�Y��x��T�<z¦-�,�<0@����+,Zz10I0��T���`�²��2
3{;5,.�T��0��<¡.3s,.0��`-y��/��
,.z�¡.¢1�?,.3�37�<-�2.�?¢��7��2
z¯,u�:�7/�2
-��H;k�TxØ,Zz�¡
���`-T*
 	-�,:�u,Z�?�?0�,Z���?2.zo2$;J��/1�V���O@(�T37�D<j�TzJ�#,.z10���/���,Zz1,.�D>�-��?-��7�<�s/OC
z1�NBJ¢��
{Z��/1�{@1,Z3����G,Z�1�T3�2J-�-'-��<�Y���?2.zj2$;(��/�� � � 243 � � 2 ��3s,Zz1-��W�7��2
z
�?z O65 �1��/�,.-ME��<�TzÖ������3s,.�Y���<0�;k3�2J< ,�-��T37���`-V2$;#3�¢�z�-�x:����/ë��/��
9<;Tvy�(-�,�<0@�����-7,Zz�0�x:�?�s/1�<08E��T��x��<�Tz ��C <j��� �87�9 ���{;k2
���G-<*lvy/��`-��
01,u�7,Ö,Z37�j�Y2�<0@1,.3��`0I�72¯�7/��Ò�Y372
-7-o-��`�²���?2.zÈ2$; B ���;:��D��< E
,Z�	H � ����
�* �+|I�&��{��<�b,.��¢�,u���`0�E?>Ö���T�G-�2.z�<>=-?A@CB��D� � �n*
|I¢������N@��?�?�T�W��>���x�2$CC,Zz10?Cn/��?¡./��<3ª�Y2.�?z1�T�?0��<z1�Y�`- ;k372�< E(2Z�7/o��/��

@1�?,.z1,Z3j,Zz10N�Y2J, ���?,.��0��Y���`�²�72.3s-�x��T37�Ö-�2.3����`0~�?z
�72c,7
ED$^$
ED
�`��<j,Z��37�V�ª*ò�V372�<0@��Ì�Y2
��z1�T�?0��Tz1�T�È�<�.�TzJ�s-ëx��T37�È�T2.z1-��?0��T3�C
,�E��N>6;k�Tx��T3'�Y2�<0@1,.3��`0o��2o-���z�¡
���+C�;k2
�?0�0�,u�s,�{Z,Zz�0i��26<Ò, ���N<j� �<�
-��7,Z���G-��7�?�<-!�7/��y0�,u�s,{;k372�<�E�2.��/ @��?,.z1,Z3',Zz�0��Y2J, ���?,.�
0��T���`�²��2
37-
x��T37�	�T2�<[E1��z��`0Ò, ;R�7�T3��T2.z��.�<3��7��z1¡o��/��&< ��2i�7/���-7,$<j���<z��T37¡�>
3s,Zz1¡.�.*! Nv	���Ô¡J,u���V�T2.373��`-�@(2.z�0���z1¡��72�z��<¢���372.zi�<z��T37¡.�?�<- E(��C
��x��T�<z �y��2�� � |I�&� xy,.-'�N<8@(2
-��<0+�72=<��?z��N<j� �<�yE1,.�s��¡
3�2
¢�z10
;k372�< 2Z�7/��T3+3��`,.�Y���?2.z1-<*¦v�2QE�¢��?�?0~��/��Ö�Y2.�?z1�T�?0��<z1�Y��<Ò,u��37�D��{
�`� 37�<-�2.�?�J�?z�¡�CL�7�D<j�Öx:��z10�2ux�-Ò2$; 
�� � -<{�
>� � -<{:,Zz10S
J� � -
x��T37�¯-��Y� ;k2.38@��G,Zz1,.3�C @��G,Zz1,.3<{�@��G,Zz1,.3�CC�Y2J, ���G,Z�ç{l,.z10½�Y2J, ���G,Z�DC
�T2
,$���G,Z�ª0��T���`�²��2
3	�Y2
��z��Y�G0��Tz1�T�<-<{�3��`-�@(�<�Y���?�.�<�D>
*���2.�?z1�Y�G0��Tz��Y�<-
E(�Y��x��T�<z ��3s,�>�-R@�3�2u���G0��¦,Zz ,
0�0������?2.z1,.���7,.¡Á��2½�<���N<j��z�,u���
�+����3s,Zz��<2.¢1-���z#;k2.3.<j,Z���?2.zÈ��zÈ��/��Ò-�@��`�²�737,1*�vy/��Ò�Y2
��z1�T�?0��Tz1�T�
<Ò,Z��37�V��xy,.-',Zz�,Z�N>>�<�<0���2o�Y2.z#G13�< �xCn37,�>o,.-7-���¡
z#<j�TzJ�7-',Zz�0i��2
E1¢����G0Ò,6@1,.3��7�?,.�����<�.�<�1-��s/1�+<j�F;k2.3 9<;`vy�L*'  ¡.�<z��T3s,Z�?���T�<0 E1,
�s�JC
¡
3�2
¢�z10ó-�¢	E���3s,.�Y���?2.zóx�,
-Ò,$@#@��?�?�<0���2Á��/1� �x� <Ò,Z��37�V�½�7/1,u�
xy,.-�@�372��Y�`-�-��<0¯¢1-���z�¡��7/����Y2�0��i�M����¥ (.� �D�0
��n*

)GF�*,/�H2�F361��M/:)�9]#�% 9]#�%�927'%�#{/2)
36- &

��372
-7-N-��<�Y���?2.z1- ;k2.3"9<;<vy�4� z�37�<,
�²���?2.z�-�x��T37�\�<,Z�G�Y¢OC
�G,u�7�<0�¢1-���z1¡i��/���-��s,u���G-����G�T,Z�xZ	,Z¢�-��<3�CC���`-�/?E1,
�s/+37�<,
�²���?2.zj�Y2�0��
� �� :�OZ�*}vy/��ë¡
�Tz��<37,.���T,.�?�T¢��?,Z���?2.z <j�Y�7/�2�0½,.-7-�¢#<j�<-i�7/1,u�
�7/��j3��`,.�Y���?2.z�@�372��Y�<�<0�-��?zÈ,Ö-��<3��?�<-�2$;�-���B
¢1�TzJ���G,Z�l��x�2$C E�2�0O>
E13��`,Z��¢#@�@�372��Y�`-�-��<-<*� ��i�<,.�s/È-��s,Z¡.���?z¦��/1��37�<,
�²�7��2
z!{`�xCn37,�>
,.z10S@1,Z3����G�Y�?�Ì�+<j�G-�-���2
zó�<,ZzA2��T�T¢�3Ô,Zz10A,.3��Ì�Y2J<8@1¢����`0A¢1-�C
�?z�¡���/��6Z	,.¢1-��<3�CC���`-�/?E1,
�s/j��/��<2.3.>jx:/��?�s/¯�Y2.z�-��<3��
�<-�,.z�¡.¢1�?,.3
<j2J<��<zJ��¢#< ,Zz10Q@1,Z37����>.*j§ �?0���/ 11¢1�Y��¢1,Z���?2.z~,Zz�0T@�37�T��BJ¢��VC
�?�NE�3��?¢#< �T2.373��`�²���?2.z�-��?z1�Y�?¢10��?z�¡Á-�¢�3�;5,.�T�ë�+U(�`�²�7-Ò�<,ZzAE(�I,$@OC
@1���?�<0¦��2¯��/��j0��<�<,�>¦�s/1,Zz1z��T�G-	2�;V��/1�+�?z������G,Z�}�Y2J<8@(2.¢1z10Ïz�¢OC
�T���<¢1-<*lvy/���<j2�0��T�G-'¢����?�?� �<�<0�,Z37���+�?@(�<�Y���`0��72HE(�F<j2
-��},�@#@��?�VC
�<,$E��?�8;k2.3i�<z��T37¡�>¦3s,Zz1¡.���Ò�.�+�÷�72 �@�$�Ö|I�&��*l��,.�?�T¢��?,Z���?2.z1-
,.3���@��<3�;k2
3�<j�<0�;k2
3�9<;<vy�I��z½37�<,.�Y���?2.z1-=;k2.3�z��T¢��73�2
z~�Tz��<3�C
¡
���`-�E��T��x��<�Tz �:|I�+�A�72�� � ��|I�&��*J�O@�/��T37�G�T,Z�12�@��7�?�<,Z�O<j2�0��T�
�737,.z1-�<��G-7-��?2.zÔ�T2J��LÔ�Y�?�TzJ�7-�;k2.3 � �	 :�#Z\�<,Z�G�Y¢��G,u�7��2
z1-�,.3���0���C
�7�T3.<j��z��`0Áx:�W�7/Á��/��Ì��2JZò�Y2�0���E?>Ávo*�wi,bxy,Zz�2�*ëvy/��¯��2JZ
�T2�0��+-�2.�?�.�`-y��/������s/�3�J2
0���z�¡
�T3���BJ¢1,u�7��2
zP;k2.3o,Ò¡.�?�.�<z¦2�@����G�T,Z�
@(2Z�7�TzJ���G,Z�ç{},Zz10~�<,Z�G�Y¢��G,u�7�<-���/��Ö0��VU��T37�TzJ�7�?,.���T�G,.-����G�Ô-7�T,Z�����<3�C
�?z�¡�{137�<,.�Y���?2.z¦,.z10Ö��2.�7,Z�l�Y372
-7-�-��<�²�7��2
z1-<{���3s,Zz�-�<j�G-�-���2
zI�Y2���;�C
G(�Y�?�TzJ�7-<{$;k2
3Vz��T¢���372.z!{J@�3�2.��2
z!{.0��<¢����<3�2
z!{Z�73�����2
z!{
,.z10j,Z�N@�/1, C
@�,Z3����G�Y�?�H@13�2.4��<�²�7���?�<-<*��:@��7�?�<,Z��<j2�0��T��@�,Z3s,$<j�Y�7�T3s-�,.3����s,Z�.�<z
;k372�<ò¡
��2JE1,Z� @�/1�Tz�2J<��<z�2.�?2.¡
�?�<,Z�`<j2�0��T�G-T*V�12.3yz��T¢���372.z1-y,Zz�0
@13�2.��2.z�-y��/��+wo2.z��?z�¡Ô,Zz�0I)	�<�?,.3�2��s/�� �D��
���@1,Z3s,$<j�T���T3s-yx��T37�
¢�-��`0ª*:vy/��4@(2Z���<zJ���G,Z��2�;V¤��`�T�s/��T���7�#,Zz�0 � 3��<�Tz��?�T�`-.�V���@�#xy,.-
¢�-��`0 ;k2.3Ö�73�����2
z1-Ì,Zz10ñ0��T¢��7�T372.z1-Ì,.z10 �7/1,u�Ì2$;j ���3��?¡.�`,Zz�¢
<K=	?A@CBA�D�0���H;k2.3L��C @1,Z3����G�Y�?�<-<*¨vy/��¦�?�T�
�T��0��Tz1-��W��>N��/1�T2.3.>�2�;
KC¡
z1,u��>�¢��,�V� B �'x�,
-�¢��7���?� �<�<0Ì�72R<j2�0��T�#��/���-��s,u�7�?-����G�T,.��@�372�@OC
�<3��7���`-�2�;������Y�����`0~z�¢1�Y�?�T�ç*Èvy/��G-i�7/��T2
3�>Á�G-4@1,.3��7�?�T¢��G,Z37�D>Á,$@OC






@�372�@�37�G,u���:;k2.3:,.z1,Z�N>�-��G-y,u�:/��?¡./��<3��<z��T37¡.�?�<-y-���z��Y�o�W�:�?z1�Y�?¢10��`-
0�,�<8@1��z�¡¦-�/��<������U��<�²�s-��?zc��/��Ô�?�T�
�T��0��Tz1-��W��>�@1,.37,�<��T���<36;k2.3
�?z1�Y37�<,
-��?z�¡j�����Y���7,Z���?2.zI�<z��T37¡.�?�<-<*g�`Cç3s,�>j��3s,Zz�-�<j�G-�-���2
zI�Y2�� L0C
�Y�?�TzJ�s-�,.3����T,.�?�T¢��?,Z���`0I¢1-���z�¡Ö2.z1�+2�;�-��<�.�<37,.��@(2
-7-��NE��?�[;k2
3�<Ò-
;k2.3 �`Cn37,�> -���37�Tz�¡.��/ ;k¢�z1�Y���?2.z1-<*¿��2
3P�xCn3s,�>ó�&<j�?-7-��?2.z�{��7/��
-���37�Tz�¡.��/ ;k¢�z��²���?2.z�-�,.z10 @�/12Z��2
z½�737,.z1-�<j�G-�-��?2.z½�Y2���LÒ�T���<zJ�7-
,Z37��2JE��7,.��z��`08;k3�2J< �7/��	¡
�?,.zJ��Cn3��`-�2
z1,Zz1�T�F<�2�0��<��2�;�wo2�@(�<�s�?>
,Zz�0~��/��5�V�@(��n*Ìvy/1�ë-��s,Zz101,Z3s0È¡
�?,.zJ��0��D@(2.�?�ë37�<-�2.z�,Zz1�T�8@�, C
3s,$<j�Y�7�T3s-¯,.3��c�T,Z�G�Y¢1�?,Z���<0 ;k2.3U9P;`vy�+� 
�� � (D61* �I<[E!{o� �
�061* 
 � |I�&�÷,.z10�� �Y��* (��Ô|I�&��*ª��2
3�� �+37,
0��G,u���?2.z�{�37�<-�2$C
z1,.z1�Y��@1,.37,�<j�Y���<37-o,.3��Ò0��T���T3.<j��z1�<0�E?> H � 
	� )�� 2	� N ,Zz10
� � 
½|I�+�+*�vy/��Ï�����Y���7,Z���?2.zA�Tz��<3�¡J>�0��&@��<z10��Tz��Y�¦2�;��7/��
�`Cç3s,�>½�+<j�G-�-��?2.z �G-Ô�?z1�Y�?¢10��`0A��/�372.¢1¡./A��/1�Ï¢1-��¦2$;i¡
�Tz��<37,.�VC
���T�<0Ï¥!2.37�TzJ�P�T�G,Zz�;k2.3.<Ò-y;k2
3���/1�ZH��
{
� �
{(,.z10RH � -���37�Tz1¡Z��/
;k¢�z1�Y���?2.z1-<*Ö§ �?0��7/ 11¢1�Y��¢1,Z���?2.z½�T2.373��`�²���?2.z�-�,.3��Ô,�@#@��?���`0c��2
��/1� � �	 :�#Zò�T,Z�G�Y¢1�?,Z���?2.z!*�vy/��Ô|I2.�G0�,.¢��T36<j2�0��T�}2�;�§ �l�
,Z37�o�+<0@��?2 >.�`0ª*V {;R�7�T3	�<,Z�G�Y¢��G,u�7��2
z¯2�;#�7/��=@�2J@�¢��G,u�7��2
zÖ2�;#�7/��
G13s-��Ö�Y2�<0@(2.¢�z�0AzJ¢��Y�?�T¢1-ë¢1-��?z�¡Á�7/��QZ�,Z¢1-��T3�Cn�1�<-�/?E1,.�s/ó���?C
@�37�<-7-��?2.z�-T{y�Y2
3�37�<�Y���?2.z1-8;k2
3R@�37�T�&BJ¢��?�?�DE�37�?¢#< ,.z10 0��?3��`�²�Ô37��C
,.�Y���?2.z �+U(�`�²�7-¯,Z37�P<Ò,.0��
*Øvy/1�T@�37�T��B
¢1���?�DE13��?¢#< �T2.zJ��37�NE�¢OC
���?2.zj�T,.�?�T¢��G,u���?2.z�-'x��<3���@��<3�;k2
3�<j�`0�¢1-��?z�¡���/��y�����T�W�72.z8<�2�0��<�
�?zñ�7/�� � �� :�OZ �T2�0��.*¿vy/��~2
z��½,.0u4�¢1-��s,$E��?� @1,.37,�<��T���<3<{
��/1�¦0�,$<0@��?z�¡ <Ò,u��37�D���T�?�+<j�TzJ�`{�xy,.-+�s,Z�.�<z ,.- � B �È|¦�+� N {
E1,
-��`0Ô2.zÔ��/��i�Y2J<0@1,Z37�?-�2.zÒ2�;!��/1���T2�<0@�2J-�������z��<¢���372.z¯�+<j�?-�C
-���2
zÌ-�@(�<�²�73�¢	<qx:����/Ì��/1��-�@(�<�Y��37¢#<�,Z�4��
1*N�i|I�+�+*�|I¢1�W�7�D@��?�
@�37�T��B
¢1���?�DE13��?¢#< �+<j�G-�-���2
zëxy,.-���z��Y�?¢10��<0ë¢1-���z�¡���/��H<j2�0��T��2$;
�:�+;�*��D�06��n{},Zz10~0�2J�`-�z�2.���?z1�Y�?¢10��ë,.z?>c,
0b4�¢1-��7,$E1���R@�,Z3s,$<j��C
���<37-<*��l��z�,Z�?�D>
{!0���37�<�Y��37�<,
�²�7��2
z1-{;k2
3�z1�T¢��73�2
z¦��z1�T�G,.-����G�+-7�T,Z��C
���<3��?z�¡ox��T37���?z1�Y�?¢10��`04;k2
3V-��<,u�����T37�?z�¡	�72���/�� � � 2 -��7,u�7�y��z'9P;<vy�
¢1-���z1¡I��/��Ö0��G-��72.3����<0OCçxy,b�.�Ò¤�2.37z~,$@#@�372����D<Ò,Z���?2.z!*Ìvy/��¯0���C
;k2.3.<Ò,u�7��2
zA@1,Z3s,$<j�T���T3s-�x��T37�¯�7,Z�
�Tz ;k372�< �7/��Ì�Y2�<0@��?�G,u���?2.z
¡.�?�.�<z��?z��7/��PKCzJ���<3�z1,Z���?2.z1,.�� ��72�<j�G�Ö��z��T37¡�>½ 	¡.�<z1��>½�:�+;�C
�T37�Tz��Y��KCz#@1¢��Ì�},.37,�<j�Y���<3ë¥!�NE�3s,Z3.> � � ���n{�,.z10ó��/1�Èz��<¢���372.z
2�@����G�T,Z��@(2Z�7�TzJ���G,Z�#0��<-7�Y37�DE(�<0Ö,$E(2u�.�
*
vy/��¯-�@��?z�0��G-��73��NE�¢��7��2
z½2$;y��/1��@�37�T��B
¢1���?�DE13��?¢#< 3��`,.�Y���?2.z1-
�?zÈ�7/��Ò37�<-��?0�¢�,Z�}z�¢1�Y�?�T¢�-o�?-��<,Z�G�Y¢��G,u�7�<0È¢1-���z�¡Ö�7/��RBJ¢1,ZzJ��¢	<
<j�<�s/1,.z��G�T,Z�#��/1�T2.37�?�<-�2$;��1�<-�/�E�,.�s/!{ªwo�T3.<Ò,Zz!{ª,.z10Ïwo2�2.z1��z�¡
W5�'wiw4Y�x:�W�7/I��/��8<�¢1�W�7�?-����&@Ï0��?3��`�²�8WL|T��)6Y	,�@#@�372
,
�s/!*�vy/��
|T��) 2.z��+Cn-����&@ @�3�2��T�<-7-0;k2.3R@13��<�&BJ¢��?���NE�37��¢#< 3��`,.�Y���?2.z1-Ò,.3��
�T,.�?�T¢��G,u���`0�¢�-��?z�¡c��/��"-7��<Ò��/c�Y2�0��
*A�12.3j�7/��?-Ò�<,Z�G�Y¢��G,u�7��2
z!{
��/1�R<�¢������G-����+@½�T2�<0@(2.¢�z10 WL|T�1�FYi-�@��?z½0��?-���37�NE�¢����?2.zÁ�G-�,.-�C
-�¢#<j�<0ë��20E����7/���-�,�<j��,
-��7/����Y2J<0@�2
¢�z10¯3��`-��G0�¢1,.�(z�¢1�T���<¢1-
-�@���zÔ0��?-���37�DE1¢����?2.zÔ,.z10Ò,$E1-�2.3.E(�<0���zJ�72i��/��HZ	,.¢1-��<3�CC���`-�/?E1,
�s/
�T,.�?�T¢��G,u���?2.z�-T*Ïvy/1�Ô��3s,Zz�-�;k�<3�37�<0Á-�@���zN0��?-���37�NE�¢����?2.z���zA@13��<��C
BJ¢��?���NE�37��¢#<Ø37�<,
�²���?2.z�-!�G-l�<,Z�G�Y¢��G,u�7�<0H;k2
3#�?z1�Y�G0��<z
�'z��<¢���372.z��<zOC
�T37¡.�?�<-4�@�j|I�&��{ � �Ò|I�&��{ � �Ò|I�&��{�
J�Ò|I�+�+{(,.z10R
��j|¦�+�
;k2.3:,Z9P;`vy���7,.3�¡
�Y�`*l �-:,ZzÖ����,$<0@��?�.{�-�2�<j��2�;��7/��i�T,Z�G�Y¢1�?,Z���<0
-�@���zÒ0��G-���37�DE�¢����?2.z1-V,.3��:-�/�2ux:z���zÒ�l��¡J-T*	� F 
:;k2.3}�7/��:��z��Y�G0��TzJ�
z��<¢���372.z��Tz��<3�¡J>i2$; � ��|I�+�+*Zvy/��:/��G-��72.¡.3s,$<Ò-l,Z37���7/�����3s,Zz1-�C
;k�T3737�<0Ï-�@��?zQ@(2�@1¢��?,Z���?2.z1-i�<,Z�G�Y¢��G,u�7�<0Ï¢1-��?z�¡¯��/��Ò�'wiwq|Q��)
2.z1��CC-��7�+@ �T,.�?�T¢��G,u���?2.z�* KCz 2.3s0��T3Ô��2½�?z1�Y2
3�@(2.3s,u�7�Ì��/��c-�@1��z
0��G-��73��NE�¢��7��2
zÈ�?zJ��2Ö��/1� � �� :�OZq�Y2�0�����/��j/��G-���2.¡
37,�<Ò-	z��<�<0
-�<�2�2.��/��?z�¡1{1��/��<3��+;k2.37�o/��?-���2
¡.3s,$<Ò-:2�;#�7/���-�@���z¦0��?-���37�DE1¢����?2.z
,Z37��G������`0�,Zz�0Á��/��Ö-�@1��z��T¢���Cn2$U @1,.37,�<��T���<37-+,Z37�Ô2�E��s,Z�?z��<0
;k372�< ��/1��G��`*½�	-���z1¡Ï�7/��<-��¯�?z#@�¢��7-<{V��/1���`Cç3s,�>�@�3�2�0�¢��²���?2.z
�Y372
-7-Ò-��<�²�7��2
z1-Ôx��T37�¦�T,.�?�T¢��G,u���`0ª*Øvy/�3�2
¢�¡./12.¢��Ò�7/��?-ëx�2
3���{
��/1�?-��<,Z�G�Y¢��G,u�7��2
z¯�G-y37��;k�T3737�<0ë��2Ò,.- � �� :�OZyCn�'wiwj*
��2.3	��/���W � , ��� Y	�s/1,Zz�z1�T�ç{1�7/����+U(�`�²��2
zÌ��/�37�T����3s,Zz1-��W�7��2
z1-

�G-o�?zJ�
�<-����?¡
,Z���<0!*j�l�?37-��<{#��z~�l�?¡1* �¯��/1� � � �72��D� ��3s,Zz1-��W�7��2
z
�G-Ô-�/�2ux:z��:E�2.��/ � �	 H�OZ ,.z10 � �	 H�OZ{CC�'wiw -�/�2ux ¡.2�2�0
,.¡.37�T�&<��<zJ��x:�W�7/��7/����+�O@��<3��N<j�TzJ�7,.�J0�,Z�7,�,.z10�,.3�����2ux��T3���/1,.z
�7/��Ì0�,u�s,P;k2.32H���
��@�I|¦�+��*Vvy/1�¯0��DU(�<3��<z1�Y�Ö�?z½��/1�Ö-�@��?z
0��?-���37�DE1¢����?2.zP;k2
3��7/��<-�����x�2ë�<,Z�G�Y¢��G,u�7��2
z1-��G-	z12Z��37�<,
0��?�D>Ì,$@OC
@�,Z37�TzJ�V��z��7/��	�T,
-��:2�;��7/��G-V�?2uxó-�@��?z+�737,.z1-��W�7��2
z!*lvy/1�	-��`�Y2
z10
�<,.-����G-l��/1��
>�Ì��2 � �I��3s,Zz�-������?2.z+��z+��/��:-7,$<j�:�s/1,Zz1z��T��-�/�2ux:z
�?zÔ�l��¡�*>�1*LKCzj�7/��G-��<,.-��.{Z�7/�� � �� :�OZ @�37�<0��G�²�7��2
z1-�,.3���-�2�<j��C
x:/�,u�}/��?¡./��<3}��/1,.z��7/����+�?@(�T37�N<��<zJ�7,Z��37�<-�¢�����;k2.3 H � � � F ���
|¦�+��*�|I2.37�I�N<8@(2.3��7,.zJ���N>.{���/�� � �	 :�#Z{CC�lwiw �G-ë-���372.z�¡
�D>
-�¢#@#@13��`-�-��<0~�T2�<0@1,Z37�<0~��2¦�7/�� � �	 :�#Z�,.z10½�+�?@(�T37�N<��<zJ�7,Z�
01,u�7,1*g���D<j�?�?,.3��N>.{�;k2
3��7/��A�D�~�72Z
>�Á��3s,Zz�-������?2.zÔ�?z¯��/���W � , ��� Y�s/�,Zz�z��<��-�/�2ux:zÒ�?zë�l��¡�* B {Z��/1� � �� :�OZyCn�'wiw\�?-�-�¢#@#@�37�<-7-��`0
,Z��,Z�?�1z1�T¢��73�2
zÒ�Tz��<3�¡
���`-'��z10��?�<,u���?z�¡i�7/��	�+U(�`�²��2$;�@�37�T�&BJ¢��?�?�DEOC
37�?¢#< 37�<,.�Y���?2.z!*
��2
3��7/�� W � , � � Y��s/1,.z�z��<�L{}�7/��¯��3s,Zz1-��W�7��2
z ;k372�< ��/���G13s-��
�+���Y�����<0Ø-��7,Z���~�72A��/��N¡.372.¢�z10\-��7,u�7�½�G-¦�Y2
z1-��G0��<3��`0ª* vy/��
� �� :�OZyCn�'wiw @�37�<0��G�²�7��2
z1-�,Z37�i�?z�<+¢1�s/PE(�Y���7�T3�,Z¡.37�T�&<j�TzJ�
x:����/I0�,Z�7,+��/�,ZzÖ��/�� � �� :�OZ�@13��`0��?�Y���?2.zI,.-y�?zI�l��¡�*`(�*

KCz¦2
370��<3:��2Ö0��+<j2
z1-��737,Z���i�7/�����U��<�²��2$;}�7/��+0��DU��T37�Tz1�T���?z
-�@��?zÒ0��?-���37�NE�¢����?2.zj�?z���/��y��x�2i�T,Z�G�Y¢1�?,Z���?2.z1-<{b��/��	37,Z���?2
-l2$;(��/��
@�,Z3����G,Z�`�xCn3s,�>Ô�Y372
-7-�-��<�Y���?2.z�;k2.3��D����22
>��,Zz�0Ô�7/��o��2.�7,Z�ª�?zOC
�<�?,
-��7�?�	-��<,u���7�T37��z1¡�,Z37���T2.z1-��?0��T37�<0j�?zë�l��¡�*>61*'vy/1�	3s,u���?24@�37��C
0��?�Y���<0+¢1-���z1¡	�7/�� � �	 :�#ZAx:�W�7/�2.¢��'�s,Z����z1¡��?zJ��2o,.�T�T2.¢�zJ�l��/��
@13��<�&BJ¢��?���NE�37��¢#< 3��`,.�Y���?2.z!{#�?-��T���`,Z37�D>Ï��z½0��G-7,Z¡.37�T�&<j�TzJ�ix:�W�7/
01,u�7,1{#�ç* �.*?{lx:/1���?�ë0�,Z�7,I0��`�Y37�<,.-��<-�x:�W�7/~��z1�T3��`,.-���z1¡Iz��T¢��73�2
z
�<z��T37¡�>
{u��/1� � �	 H�OZ @�37�<0��?�Y���?2.zÒ�.�<�+@j�?z1�Y37�<,
-��?z�¡1*l {;R�7�T3��?zOC
�T��¢�-��?2.zj2$;(��/1�	-�@1��zÔ0��G-���37�DE�¢����?2.zÒ�T,.�?�T¢��?,Z���`0+¢�-��?z�¡o��/1�y@�37�T��C
BJ¢��?�?�DE�37�?¢#<���U��<�Y�7-<{���/���37,Z���?2Ô�G-:<j2
3���-��N<j���G,Z3���2¯��/��j0�,Z�7,�*
vy/1�	0��DU(�<3��<z1�Y���?z�<Ò,Z¡
z��W�7¢10��y<Ò,�> E����N<0@�372u�.�<08E?>4;k¢13��7/��T3
0��T�.�<��2J@#<j�TzJ��2�;}��/��0<j2�0��T�ç*ivy/��+-7,$<j��37,Z���?2RE(�Y��x��T�TzÏ��/��

>� �72 � � ��3s,Zz�-������?2.zA�Y372
-7-Ò-��`�²�7��2
z ,Zz10N��/1�I��2.�7,Z�	��z��<�?,
-�C
�7�?�Ò�T3�2J-�-i-��<�Y���?2.zÁ�G-�-�/12ux:zÈ�?z~�#�?¡1*��&��*¯vy/�� � �	 H�OZ ,Zz�0
� �� :�OZyCn�'wiw¨�<,Z�G�Y¢��G,u�7��2
z1-�@�37�<0��G�²�y,�-�/1,$@(�	-��D<j�?�?,.3V��2���/��
<j�`,.-�¢�3��`0I3s,u���?21*=Z	2ux��<�.�T3`{���/�� � �	 H�OZ @�37�<0��G�²�7��2
z¦���<z10�-
�72Á��z1�T3��`,.-��¯x:����/A�?z1�Y37�<,
-��?z�¡cz��T¢���372.zó�Tz��<3�¡
���`-T{Vx:/1���?�Ì��/��
�+�O@��<3��N<j�TzJ�7,.��0�,u�s,Ï�7�Tz10N�72�E(�¦�Y2
z1-��7,ZzJ�Òx:����/A��z��Y37�<,.-��?z�¡
z1�T¢��73�2
zÖ�<z��T37¡�>
*V§ /��<zÌ��/���-�@��?z¦0��G-��73��NE�¢��7��2
zÖ�?zÌ��/1�4@�37�T��C
BJ¢��?�?�DE�37�?¢#<�3��`,.�Y���?2.zÏ�G-���z��Y�?¢10��<0!{ª��/��j3s,u�7��2¯�?-H<�¢��s/È�Y�?2
-��T3
�72���/����+�O@��<3��N<j�TzJ�7,.�!0�,u�s,�*Vvy/��G-��Y�?�<,.3��N>Ô0��&<�2
z1-���3s,u���`-���/��
�N<0@�2
3��s,Zz1�T�Ò2$;y��z��Y�?¢10��?z�¡I��/1�Ô��U��<�Y��2$;{@�37�T��B
¢1���?�DE13��?¢#< 37��C
,
�²�7��2
z1-T*

F�* 9636-R9]%�72&x)
36-

�����T�W�s,u���?2.z0;k¢1z1�²�7��2
z1-�2$;�@�372�<0@��M�Ö3s,�>�-�@�372�0�¢1�Y�`0Ò��zë��/��
� �]9<;Tvy�
3��`,.�Y���?2.z1-�/1,b�.�gE(�T�<z4<j�<,
-�¢�37�<0o¢�-��?z�¡:�7/�� � �� 	�yK��
-�@(�<�²�73�2J<j�Y���<3�,u���7/��ë¥# 	�:�������b§ ��� ;5,.�T���?�W��>
*¯vy/��ë��z10��VC
���G0�¢1,.���`Cç3s,�>�>J�?�T�G0�-�/1,b�
�[E(�T�Tzc�Y2
zJ�
�T3����`0Ö��2�@1,Z3����G,Z�#��3s,ZzOC
-������?2.zÔ�Y372
-7-�-��<�Y���?2.z1-�,.-�,=;k¢�z1�Y���?2.zÔ2�;!��z��Y�G0��TzJ��z1�T¢��73�2
zÒ�TzOC
�<3�¡J>.{�E?>~,.�T�T2.¢�zJ�7��z�¡T;k2.3�z��T¢���372.z 11¢#��{�-�,�<8@1���ë��/��G�s��z��<-7-T{
0��<,.0����N<��Ô�T2.373��`�²�7��2
z1-T{#0��Y�7�<�²�72.3�,.z10QG�-7-��?2.z~�s/1,�<[E(�T3i� L0C
�T���<z1�Y�?�<-<{!,Zz�0Ï�?zJ���T37z1,.�'�T2.z��.�<37-��?2.z�@�372��Y�`-�-��<-<*�vy/��j���O@(�T37�VC
<j�<z
�s,Z�l0�,u�s,Ò,Z37�=@�3��`-��<zJ���<0�;k2
3�z��<¢���372.zI�<z��T37¡.�?�<-:¢	@Ì��2M
>�
|¦�+��*�� 3s,�>�-=;k372�< ,Ï��2Z�s,Z�y2$;8�0
È0��VU��T37�TzJ�Ò�G-�2.��2�@(�<-+x��T37�
2JE1-��T37�.�<0�,Zz�0 @13�2J<��?z1,.z
�g@�,Z3����G,Z�?�`Cç3s,�>��Y372
-7-}-��`�²�7��2
z1-}x��T37�
�+����3s,.�²�7�<0ª* vy/��`-�� @1,.3��7�?,.���xCn37,�>½�T3�2J-�-j-��<�Y���?2.z1-j,Z37�I�Y2J< C



�

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0  1  2  3  4  5  6  7  8  9  10

P
ro

ba
bi

lit
y

J (h/2π)

Eout = 3 MeV

48Ti, Spin distribution

FKK

ô�é è ÎªÉ��:æZ®J´�¼ÔÃ
´�¾nºC°�´�¶J³.º�´W»<¼¯»T×#º�¬
­ áCâ «'´�� ¼Ò°�­²¸<¹7º�´�»<¼
×G»T°#´�¼
¹s´WÃ
­s¼uºª¼
­s³
ºC°�»<¼�­s¼
­7°�Ó<Ñ	»T×�Þ<Ê�Ë�­sÍÁ¸T¼�Ã�»`³.º�Ó`»`´�¼
Ó
¼J­s³.ºC°�»`¼j­7¼J­7°�ÓTÑ+»T×��iË�­sÍ	Î

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0  1  2  3  4  5  6  7  8  9  10

P
ro

ba
bi

lit
y

J (h/2π)

Eout = 7 MeV

48Ti, Spin distribution

FKK

ô�é è Î1Þ��yæ.®
´�¼¯Ã.´�¾nºC°�´W¶
³
º�´�»`¼Ô»T×#º�¬
­ áCâ «'´���¼Ò°�­²¸T¹7º�´�»`¼
×?»<°!´�¼J¹7´�Ã.­s¼uºª¼J­7³
ºC°�»`¼	­s¼
­7°�Ó<Ñ	»<×�Þ<Ê:Ë�­7Íc¸T¼�Ã�»<³
º�Ó<»`´�¼JÓ
¼
­s³
ºC°�»<¼�­s¼
­7°�Ó<Ñ�»T×��oË�­sÍ�Î

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0  1  2  3  4  5  6  7  8  9  10

P
ro

ba
bi

lit
y

J (h/2π)

Eout = 9 MeV

48Ti, Spin distribution

FKK

ô�é è Î����:æZ®J´�¼ÔÃ
´�¾nºC°�´�¶J³.º�´W»<¼¯»T×#º�¬
­ áCâ «'´�� ¼Ò°�­²¸<¹7º�´�»<¼
×G»T°#´�¼
¹s´WÃ
­s¼uºª¼
­s³
ºC°�»<¼�­s¼
­7°�Ó<Ñ	»T×�Þ<Ê�Ë�­sÍÁ¸T¼�Ã�»`³.º�Ó`»`´�¼
Ó
¼J­s³.ºC°�»`¼j­7¼J­7°�ÓTÑ+»T×�	iË�­sÍ	Î

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0  1  2  3  4  5  6  7  8  9  10

P
ro

ba
bi

lit
y

J (h/2π)

Eout = 15 MeV

48Ti, Spin distribution

FKK

ô�é è Î�
��yæ.®
´�¼¯Ã.´�¾nºC°�´W¶
³
º�´�»`¼Ô»T×#º�¬
­ áCâ «'´���¼Ò°�­²¸T¹7º�´�»`¼
×?»<°!´�¼J¹7´�Ã.­s¼uºª¼J­7³
ºC°�»`¼	­s¼
­7°�Ó<Ñ	»<×�Þ<Ê:Ë�­7Íc¸T¼�Ã�»<³
º�Ó<»`´�¼JÓ
¼
­s³
ºC°�»<¼�­s¼
­7°�Ó<Ñ�»T×}ÉYßoË�­sÍ	Î

@1,.3��`0�x:����/���/1�y�<,Z�G�Y¢��G,u�7��2
z1-'2$;���/�� � �� :�OZA37�<,
�²�7��2
z��T2�0��.*
vy/��Á-�@1��z�0��?-���37�DE1¢����?2.zñ2$;��7/��Q@13��<�&BJ¢��?���NE�37��¢#<,@�372��Y�`-�-ë��z
9<;Tvy�%�¨zÖ37�<,
�²�7��2
z1-�x�,
-:�T,Z�G�Y¢1�?,Z���<0�;k2.3y�7/��6G13s-��:�7�D<j�ix:����/
��/1�QBJ¢1,ZzJ�7¢#< <j�`�s/1,Zz��G�T,.�:��/1�T2.3.>ó2$;����`-�/?E1,
�s/!{:wo�T3.<j,.z!{
,Zz�0ëwo2�2.z��?z�¡ W5�'wiw4Y²*�vy/1���'wiw¨2
z���CC-��7�+@�@�3�2��T�<-7-�xy,.-��?zOC
�Y�?¢10��`0H;k2.3ª�7/���<+¢������G-��7�+@�0��?3��`�²�MWL|T��)6Yª37�<,
�²���?2.z��72�,.�T�T2.¢�zJ�
;k2.3y�7/��6@�37�T�&BJ¢��?�?�DE�37�?¢#< ��U��<�Y�	,Zz10ë��/1��-�@��?zI�Y¢���Cç2�U�@1,Z3s,$<8C

�T���<37-�2$;�37�<-��G0�¢1,Z�l-�>�-����&<�x��<3��+�<-����N<j,Z���`0ª*ivy/����'wiwò-�@��?z
0��?-���37�DE1¢����?2.zI2�;�@13��<�&BJ¢��?���NE�37��¢#< xy,.-:�?z1�Y2
3�@(2.3s,u�7�<0¯��zJ�72Ò��/��
� �� :�OZ\�T,.�?�T¢��G,u���?2.z�-V,Zz10Ò��/��2�xCn37,�> @�372�0�¢1�²�7��2
zë�Y372
-7-V-��<�
C
�7��2
z1-jx��T37�Ö�<,Z�G�Y¢��G,u�7�<0ó,Zz10ó�Y2J<8@�,Z37�<0½x:����/A�+�?@(�T37�N<��<zJ�7,Z�
01,u�7,1*½vy/��I0��DU(�<3��<z1�Y�Ö��zN��/1�Ì-�@��?zN0��G-���37�DE�¢����?2.z�x:����/A,Zz�0
x:����/12.¢��2@13��<�&BJ¢��?���NE�37��¢#<���U��<�Y�7-��G-	-��?¡.z��DG��T,.zJ�<*�vy/1�4@�372�E1,$C
E1���?�W��>I2�;��Á��3s,Zz�-������?2.z1-2;k372�<¿,¯/���¡
/c-�@��?zÈ-��7,Z�����?-i-���372.z�¡
�D>



�

0.000

0.250

0.500

0.750

1.000

1.250

1.500
σ

γ 
(b

)

0 5 10 15 20 25 30 35

En (MeV)

48Ti, Eγ = 983.5 keV
 GEANIE

 GNASH
 GNASH-FKK

ô�é è ÎJß ���ª¸T°Cº�´W¸<µ1¹7°�»`¾C¾}¾C­7¹7º�´�»`¼+×?»<°�����Ý 	�� �TÂ5Àb­7Í�ºC°�¸T¼J¾C´�º�´�»`¼�¶�­�Â
ºçÛl­s­s¼ëÞ�	¦º�»�Ê
	¦´�¼jº�¬J­:ÑZ°�¸<¾nº�¶�¸<¼JÃ�»<× áCâ «'´RÎ�«'¬J­�­7Ð.®�­7°�´�·i­s¼uº�¸Tµ
ÃJ¸Yº�¸�¸T°�­�¹s»`·i®J¸T°�­²Ã�ÛV´�º�¬ è å ä æ.ðó¸<¼�Ã è å ä æZð�ÂLô�õ:õ ¹²¸<µ�¹s³
µW¸TÂ
º�´�»`¼
¾sÎ

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

σ
γ 

(b
)

0 5 10 15 20 25 30 35

En (MeV)

48Ti, Eγ = 1312.1 keV
 GEANIE

 GNASH
 GNASH-FKK

ô�é è Î������ª¸T°Cº�´W¸<µV¹7°�»<¾C¾i¾C­s¹7º�´�»`¼¦×G»T°
� � Ý É �ZÉYÞ²ÂLÀ`­sÍ¨ºC°�¸<¼J¾C´�º�´�»`¼
¶�­7ºLÛ'­s­s¼ 
 	 º�»ÏÞ 	 ´�¼Áº�¬
­jÑ.°�¸T¾nº�¶�¸<¼JÃc»<× áCâ «'´RÎ «'¬
­Ô­7Ð.®�­7°�´�Â
·i­s¼uº�¸<µ�Ã
¸Tº�¸Ò¸T°�­�¹s»<·i®�¸Y°�­²ÃëÛV´�º�¬ è å ä æ.ð\¸<¼�Ã è å ä æZð�ÂLô�õ:õ
¹²¸TµW¹7³JµW¸Tº�´�»`¼
¾sÎ

0.000

0.020

0.040

0.060

0.080

0.100

0.120

0.140

0.160

σ
γ 

(b
)

0 5 10 15 20 25 30 35

En (MeV)

48Ti, Eγ = 1037.6 keV
 GEANIE

 GNASH
 GNASH-FKK

ô�é è Î������ª¸Y°Cº�´�¸TµV¹7°�»`¾C¾i¾C­s¹�º�´W»<¼Ï×?»<°����IÝòÉ²Ê�� �YÂ5Àb­7Í ºC°�¸T¼J¾C´�º�´�»`¼
¶�­7ºçÛl­s­s¼���	 º�» 

	�´�¼cº�¬J­jÑZ°�¸T¾nº�¶J¸<¼�ÃÈ»<× áCâ «'´RÎ «'¬J­Ô­7Ð.®�­7°�´�Â
·i­s¼uº�¸<µ�ÃJ¸Yº�¸Ò¸T°�­i¹s»<·i®�¸T°�­sÃ¯ÛV´�º�¬ è å ä æZð\¸T¼�Ã è å ä æZð�ÂLô�õ:õ
¹²¸<µ�¹s³
µ�¸Yº�´�»`¼J¾sÎ

0.00

0.10

0.20

0.30

0.40

0.50

0.60

σ
 (

b)

0 5 10 15 20 25 30 35

En (MeV)

48Ti(n,2nγ)47Ti, Eγ = 159.4 keV

 GEANIE

  GNASH

  GNASH-FKK

ô�é è Î������ª¸Y°Cº�´W¸<µ'¹7°�»<¾C¾�¾C­7¹7º�´�»`¼Ì×G»T°�� � Ý÷ÉYß�	ZÎ 
<Â5Àb­sÍØºC°�¸T¼J¾C´�º�´�»`¼
¶�­7ºçÛl­s­s¼ ���`Þ��Öº�»�ß��<Þ��¦´�¼�º�¬J­yÑZ°�¸T¾nº�¶J¸<¼JÃ+»<× á�� «'´RÎ'«'¬J­:­7Ð.®�­7°CÂ
´W·i­7¼Zº�¸TµªÃJ¸Yº�¸�¸T°�­�¹7»`·i®�¸Y°�­²Ã�ÛV´�º�¬ è å ä æZð ¸<¼JÃ è å ä æZð�ÂLô�õ:õ
¹²¸<µ�¹s³
µ�¸Yº�´�»`¼J¾sÎ



B

0.00

0.05

0.10

0.15

0.20

0.25
σ

6+
->

4+
/σ

in
el

0 5 10 15 20 25 30 35

En (MeV)

 GEANIE
  GNASH
  GNASH-FKK

Eγ = 1037.6 keV (6+ to 4+)

ô�é è Î 	 ��ï�¸Tº�´�»¯»T×Vº�¬J­�®�¸T°Cº�´W¸Tµ}¹7°�»`¾C¾o¾C­7¹7º�´�»`¼I×G»T°oº�¬J­
� 	 º�» 
 	
ÑZ°�¸<¾nºVºC°�¸<¼
¾C´�º�´W»<¼Ò¸<¼JÃ�º�¬
­yº�»<º�¸<µ1´�¼J­sµW¸T¾nº�´W¹�¹7°�»<¾C¾�¾C­7¹7º�´�»`¼�Î

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

σ
4+

->
2+

/σ
in

el

0 5 10 15 20 25 30 35

En (MeV)

 GEANIE
  GNASH
  GNASH-FKK

Eγ = 1312.1 keV (4+ to 2+)

ô�é è Î!ÉsÊ ��ï�¸Tº�´�»�»T×'º�¬J­�®�¸T°Cº�´W¸Tµ#¹7°�»<¾C¾�¾C­s¹7º�´�»`¼Ö×?»<°�º�¬J­ 
 	 º�»ÒÞ 	
ÑZ°�¸<¾nºVºC°�¸<¼
¾C´�º�´W»<¼Ò¸<¼JÃ�º�¬
­yº�»<º�¸<µ1´�¼J­sµW¸T¾nº�´W¹�¹7°�»<¾C¾�¾C­7¹7º�´�»`¼�Î

-�¢#@#@13��`-�-��<0�E(�<�T,.¢1-��Ô2$;y��/1�R@�37�T�&BJ¢��?�?�DE�37�?¢#< -�@��?z½0��G-��73��NE�¢OC
�7��2
z!*Nvy/1�Ì-��7,Z���G-��7�?�<,Z�F@�372�@(�T3����?�<-�2$;:@�3��<�&BJ¢��?���NE�37��¢	< 3��`,.��C
�7��2
z1-y,Z37�2E(�<-���-��7¢10��?�<0�;k2.3�/��<,b�?>Òz�¢1�Y�?�T�`;5,.3M;k372�< -�/��<���ª�Y�?2$C
-�¢�37�Ix:/��T37�I�7/��¦z�¢#<[E(�T3¯2$;iz�¢1�Y�?�T2
z1-Ò�?zJ���T3s,.�Y���?z�¡½x:�?���:E��
�G,Z37¡.�
{(��/�¢1-o¡.�?����z1¡¯37�?-��+��2I-�¢`LÒ�T���<zJ�i-��?z�¡.�?� @�,Z3����G�Y�?�j0��?-���37�VC
E1¢����?2.z1-<*#vy/1�?-#x:���?��,Z�?��2uxÁ�<,
-�>o�Y2
¢#@��?��z1¡	2$;10��VU��T37�TzJ�l,.z�¡.¢1�?,.3
<j2J<��<zJ��¢#<Ø-��s,u�7�<-!x:/1�?�s/��?zo��¢13�z�x:�?�?�.�?�<,.0��72	-�<�2�2.��/��<3#�T,.�VC
�T¢��G,u���`0+�'wiwñ-�@��?zÒ0��G-��73��NE�¢��7��2
z1-T*'|I2
3��y-��7¢10��?�<-}2�;x@�37�T��BJ¢��VC
�?�NE�3��?¢#<�37�<,
�²���?2.z�-	¢1-��?z�¡ë/��`,b�����<3�z�¢1�T���<�',.3�����/��<3��+;k2.37�+-�¢�¡$C
¡
�<-����`0ª*

F8)�* #[9��8-R3�� %��M5��Z "�M-0/5&

vy/��G-�x�2.37�¯xy,.-	-�¢#@	@�2
3��7�<0I�?z�@1,.3��2E?>¯��/�����*���*ª)	�&@1,Z3���C
<j�<z
��2$;���z��T37¡�> � 37,.zJ�7-���21*Á)���CC� � �D
$C ��
.�� 2���J� B �ë,Zz�0
�	21*÷)��gCn� � � � CK6 B Cn����
	����
 � {�,.z10 xy,.-R@(�T3�;k2.3.<j�<0A¢�z�0��T3
�7/��I,Z¢1-�@��G�Y�`-+2�;	�7/��I��*���*V)	�&@1,Z3���<j�<z
�Ò2�;��Vz1�T37¡�> E?>~��/��
�	z��?�.�T3s-��W��>ó2$;���,.���D;k2.37z��G,�{	¥#,bx:3��<z1�Y�¦¥����
�T3.<�2
3��È�	,u�7��2
z1,Z�
¥#,$E(2.3s,u�72.3.>ë,Zz10I¥�2
-� ��G,$<j2
-��	,u�7��2
z1,Z�l¥�,�E�2
37,Z��2.3.>Ô¢�z�0��T3
�T2.zJ��3s,.�Y�V��2
-<*�§ C B 
���� Cn��� � C 
�(	,.z10�§ C B 
J�>��CC��� � CK
D�1{<37��C
-�@(�<�²�7���
�T�N>.*�vy/1�?-ox�2.37�Ì/1,.-HE(�Tz��+G����`0�;k372�<��7/��j¢1-���2$;���/��
¥# 	�H�1���~,.�<�Y�T�?�T3s,u�72.3�;5,.�T���?����>.{
-�¢#@#@(2.3����`0�¢�z10��<3�)o���~�T2.zOC
�737,
�²����2�*}§ C B 
J�>��CC��� � CK
D�1*

� É���ð	ÎZÕAÎ
	#­7°Cº�´�¼J´Rì �!¬uÑ
¾sÎ.ï�­sÄ�Î���
���ì�É �`ÊZÉ�ÜnÉ 	�� �bà�Î
� Þ����.Î
�
Î è °�´�íi¼�ì ��¬uÑ.¾sÎ.ï�­7Ä�Î
ã1­7ºCº²Î����(ì 
 ����ÜnÉ 	����`à�Î

� ���Vð	Î�ôJ­7¾C¬.¶J¸<¹�¬�ì ä Î.õoÎ
õ:­7°�·�¸<¼1ìJ¸T¼�Ã�æ�Î
õ:»u»`¼J´�¼1ì ä ¼J¼�Î �!¬uÑ
¾sÎ
ÜRå���à����
��ì 
uÞ 	�ÜnÉ 	��`Ê`à�Î



(

� 
��yË¯Î 	lµW¸<¼
¼�ì ��¬uÑ.¾sÎ
ï�­sÄ�Î?9 � ��ì�É ��

É�ÜnÉ 	 	��bà�Î
� ß���«�Î²«�¸<·�³
°�¸.ìT«�Î���ÃJ¸TÓb¸sÛ}¸Zìb¸T¼�Ãyð�Î²ã�­s¼
¾CÀb­`ì���¬uÑ.¾sÎsï�­sÄ�Î&9 ���1ì

� ��	�ÜnÉ 	��`Þ`à�Î
� � ��ð	Î�å�´W¾C¬
´�»`À<¸.ì1ð�Î ä Î�ÕÖ­s´WÃ
­s¼
·��³Jµ�µ�­7°²ì1¸<¼JÃëæ�Î �#»`¾C¬
´WÃJ¸.ì ä ¼J¼1Î

�!¬uÑ.¾sÎ�ÜRå	Î ��Î à����

1ì�É ���jÜnÉ 	����bà�Î
� ���
	�Î���Î�Ë�¹så�¸<¶
¶�ìÔ«(­7¹�¬1Îoï�­s®�Î��:Úlï�ã1Â5é�	�Â�É � 	 	<Ê��ZìÔã(ã1åyã
ÜnÉ 	 	�	bà�Î

� � ���.Î�ôlÎ 	�°�´W­7¾C·i­s´�¾nº�­7°²ì�«(­7¹�¬1Î�ï�­s®�ÎJã ä Â � � 	��TÂçË+Â5ï�­sÄ�Î ÞZì�ã ä åyã
ÜnÉ 	����bà�Î

� 	 �yæ�Î ä ÎlÕÖ­s¼�Ã.­7°²ì�æ�Î 	'¸<µ�­s¾nºC°�´�¼J´Rì ä Î 	#°�»²ÛV¼�ì�ï	Î'Ú�Î}ðy¸T´�Ó`¬uº²ì
Ú�ÎbË¯Î`ã(¸sÑ.·i»`¼�ì<«�ÎbË¯Îbã1­s­`ì
�ªÎYÕAÎ`ã�´�¾C»²ÛV¾CÀZ´RìbÕAÎbË�¹YÚl»<°�ÀZµ�­`ì
ï�Î�
�ÎZå�­7µW¾C»<¼�ì.ÕAÎ �ª¸T°�À`­7°²ì.­7º�¸<µRÎ�ìJå�³J¹sµRÎZéL¼J¾nºC°�³J·jÎZË�­7º�¬J»ZÃ.¾
�!¬uÑ.¾sÎ
ï�­s¾sÎ ä 


��1ì�Þ<Þ��jÜnÉ 	�	 �`à�Î

� É²Ê ��ÕóÎ �#»`³
¼J­s¾sì.·�¸<¼Z³
¾C¹7°�´�®
º}´�¼j®.°�­s®�¸Y°�¸Tº�´�»`¼1Î
� É`É���å�¸Tº�´�»`¼J¸<µ�	:¸Tº�¸¦Úl­7¼Zº�­�°²ìVéç¼
×?»<°�·�¸Yº�´W»<¼c­7ÐZºC°�¸T¹7º�­²ÃÈ×�°�»`·�º�¬J­
å�³�	:¸YºVÃJ¸Yº�¸<¶J¸<¾C­`ìJ¬ZºCº�®�� ���YÛ}Û}Û:Î ¼
¼�Ã
¹<Î ¶
¼JµRÎ Ó`»YÄ �T¼Z³�Ã
¸Tº�ÞuÎ

� ÉYÞ���ï�Î�
�Î`å�­sµ�¾C»<¼�ìZå�ÎuôJ»<º�´W¸`Ã.­s¾sì
Ë¯Î�	y­7Ä.µ�´�¼�ì �
Î ä Î 	l­s¹�Àb­7°²ì���ÎZÅ}Î
è ¸Y°C°�­7ºCº²ì�¸<¼�ÃóÕóÎ��#»`³J¼
­s¾sì	´�¼���FJ=LK�;�F�B<=REk9TF�B`D�@�9TF��²K�;CK�F�g�K
9TFÖ8y�
gsDWKCB<;��	BT=5B��s9T;oH�g7E5K�F�g�K+B<F�d¦��K�g�>uF�9`D�9�X<QTì!­²Ã
´�º�­²Ãë¶uÑ
ï�ÎZÚ�Î`ðy¸T´WÓ<¬uº²ì
Ë¯Î 	�Î.Úl¬J¸`ÃZÛV´W¹�À�ì.«�Îuõ�¸sÛ}¸T¼J»
ìu¸<¼�Ã���Îb«�¸<µ�»`³

Ü ä ·i­7°�´�¹²¸<¼+éç¼J¾nº�´�º�³.º�­y»<×��!¬uÑ
¾C´�¹s¾sì�Þ<Ê<Ê�
bà�ì�®�Î � ���.Î
� É ����	�Î�Ú�Î+ï�¸<Ã.×?»<°�Ã1ìÖå�³
¹sµRÎ+éL¼J¾nºC°�³
·jÎ�Ë�­7º�¬J»ZÃ.¾ ��¬uÑ.¾sÎ�ï�­s¾sÎ

# 
�����ì�Þ�	 ��ÜnÉ 	 	`ß`à�Î
� É 
 � ä Î �
Îªõ:»<¼J´�¼JÓë¸<¼JÃ �
Î ��Î�	y­sµW¸Y°�»u¹�¬
­`ìlå�³J¹sµRÎ ��¬uÑ.¾sÎ ä ����
�ì
Þ �.É�Ü5Þ<Ê<Ê �`à�Î

� É²ß ��ôlÎ�	�Î 	l­s¹s¹�¬J­7ºCº�´¯¸<¼JÃ è Î�ÕAÎ è °�­s­s¼Jµ�­s­7¾sìI´�¼��V9`D�B<;�E��²B �
=REk9TF!�#>JK�F�9Th�K�F�BÔEGFÌ8y�
gsDWKCB<;oUVK�B`g7=REk9<FJP�ì�­²Ã.´�º�­sÃÌ¶ZÑ¯ð�Î�ð�Î
	'¸Y°�¾C¹�¬J¸<µ�µÌ¸T¼�Ã ÕAÎ�ðy¸<­7¶�­7°�µ�´ÈÜ"��¼J´�Äb­7°�¾C´�ºçÑØ»<×ÌÕ~´�¾C¹s»<¼J¾C´�¼
�ª°�­s¾C¾sì�Ëj¸<Ã
´�¾C»`¼1ì(É 	 �ZÉ²à�ì�®�Î ���bÞZÎ

� É ���VÍ	Î ä Äu°�´�Ó`­²¸T¼.³1ì ��Î1ÅVÎ�ð�»ZÃ
Ó<¾C»`¼�ì1¸T¼�ÃëË¯Î ä Äu°�´�Ó`­s¸<¼Z³�ì �!¬uÑ
¾sÎ
ï�­sÄ�Î#9 �$#1ì�ÞZÉ ���jÜnÉ 	�	�
bà�Î

� É � � ä ÎZÍ�ÎZéçÓ<¼�¸YºçÑ.³JÀ�ì è ÎZå	Î.æ.·i´�°�­s¼
À.´�¼1ìZ¸<¼JÃ ä Î
æ�Î.«(»<¾C¬J´�¼�ì
æZ»YÄ�Î
�
ÎJå�³
¹sµRÎ �!¬uÑ.¾sÎ ���Jì�Þ<ß`ß�ÜnÉ 	 �`ß<à�Î

� É �����
ÎJõ:»`®�­s¹�ÀuÑ+¸<¼�Ã�Ë¯Î���¬JµRì ��¬uÑ.¾sÎ.ï�­sÄ�Î?9 � �Jì�É 	�

É�ÜnÉ 	���	bà�Î
� É 	���Ë¯Î 	�Î+Úl¬J¸`ÃZÛV´W¹�À�ì �ªÎ è Î �#»`³
¼JÓ.ì%	�Î+Ú�Î è ­s»T°�Ó`­`ì¯¸<¼JÃ

��Î
ÕÌ¸Tº�¸<¼J¸<¶�­`ì �!¬ZÑ.¾sÎ
ï�­7Ä�Î?9 ��&�ì 	�	��jÜnÉ 	 	�
bà�Î
� ÞTÊ���«�Î
	l­sµ�Ó<ÑZ¸Zì$
�Î 	l­7°�¾C´�µ�µ�»`¼�ì�ï	ÎJÚ�Î
å�»²Ñuì
«�Î�ôJ³
À`¸T¬J»<°�´Rì è Î$'�¬J´�Â
Ó`¸<¼JÓ.ì1æ�Î è »T°�´W­7µ�Ñuì�Ë¯Î�ð�­7°�·�¸<¼1ì ä ÎJÍ	ÎJéLÓ`¼J¸TºçÑ.³
À�ì
æ�ÎJõ�¸T´�µ�¸T¾sì
ä Î��
Î.õ:»`¼J´�¼
Ó
ì.­7ºV¸TµkÎ�ìJ«(­s¹�¬�ÎZï�­s®�ÎZé ä Å ä ÂL«}Å#Ú(	)
:Ú�Ü5ÞTÊ`Ê�
bà�Î


